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FOREWORD

This final report under Contract No. DAADO7-79-C-0122 with
Atmospheric Sciences Laboratory (ASL) at the White Sands Missile Range
describes computerized techniques for the automatic calculation of line-
of-sight integrated concentrations, transmittance and probabi.ity of
detection in a polluted battlefield environment. Specific provision has
been made for automated treatment of atmospheric contaminant sources
typically present in the battlefield. The program incorporates many
features of the Smoke Obscuration Routine and EPAMS programs developed
by the H. E. Cramer Company under previous contracts with ASL and relies
on source description material and source models contained in the E-0
SAEL programs compiled by ASL. This report consists of three volumes.
Volume I describes the various model components, the mathematical rela-
tionships used in the program, and the procedures used to relate the
various program components. Volume 11 contains users' instructions for

operating the program. Volume IIl contains a listing of the program.

Mr. Robert Umstead, who served as COR for ASL under the
contract until the spring of 1980 and his replacement, Mr. John Marrs,
provided valuable technical guidance in specifying Army requirvements and
valuable assistance in assembling the requisite source description data

and source models used in the program.
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SECTION 1
INTRODUCTION

1.1 BACKGROUND

The Atmospheric Sciences Laboratory (ASL), White Sands Missile
Range (WSMR), New Mexico, has been directed to develop plans and opera-
tional techniques for determining atmospheric effects on electro-optical/
millimeter systems operating in a battlefield environment. The atmosphere
of the battlefield is polluted by smoke, gasses and particles from
artillery shell and bomb bursts, smoke munitions, vehicle traffic and
other battlefield activities. The effectiveness of electro-optical and
awear-millimeter wavelengrh devices can be severely affected by the pre-
sence of these pollutants. The effects of obscurants on seasing devices
are related to the type nf obscurant, the integrated line-of-sight
concentration (CL), the resporse of the sensor to attenuation in the
sensor wavelength and other o-* :al effects. In turn, CL is directly
related to the amount of obsculant released to the atmosphere and the

dispersion and transport of the obscurant in the atmosphere.

ASL has been conducting and sponsoring major efforts in the
development of appropriate meteoralegical inputs to dispersion and
transport models and improved methods {or accurately and vealistically
describing the transport and dispersion of natural and battle-induced
contaminants. These e¢fforts include the implementation of automated
procedures for estimating cloud trajectories and dispersion characteristics
downwind frowm sources of contaminate waterial in regions of complex
terrain. The EPAMS program (Dumbauld and Bjorklund, 1977) previously
developed for ASL contains the following {eatures that are retained in

the program described in this report:

. Diagnostic analysis routines for calculating the

depth of the atmospheric surface mixing layer and




ostas

the wind velocity within this layer from routine

meteorological measurements

] A diagnostic lesoscale Wind-Field Model that uses this
information to calculate the wind field and mixing-

layer depth contours above regions of complex terrain

. Diagnostic application routines which use the output
from the mesoscale model routines with input source
characteristics ond dispersion models to calculate

dosages and concentrations of contaminate material

) Graphics routines to produce displays of the wind-
field solutions, mixing-layer depth contours and
dosage and concentration isopleths as overlays on

the complex terrain contours

Under Contract No. DAEA-18-77-C-0060, the H. E. Cramer Company added the
MS3 smoke obscuration routine to the EPAMS program (Dumbauld, Saterlie
and Cheney, 1979). The MS3 Routine allows the program user to calculate
line-of-sight concentratious, transmittance and probability of detection
downwind from standard chemical smoke sources employed by the U. S. Army.
le 1s coupled with the EPAMS program in that the diagnostic analysis _
rout ines and diagnos{ic Mesoscale Wind~Fleld Model are used to calculate
weteorological inputs representative of the specific battlefield area of
interest for usc¢ in the smoke dispersifon models. Many of the routines
used in the MS3 are also used in the new program. As explained below, the
technical objectives of the work described in this report ave a logical
continuatien of the overall ASL efforts to describe atmospheric effects

on EO systems.
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1.2 PURPOSE

The primary purpose of the work described in this report is to
provide a working prototype computerized model for estimating the dis-
persion and downwind transport of contaminants introduced into the lower
atmosphere by the multiplicity of sources typically preseat in the
battlefield area (dust and smoke from exploding munitions, moving vehicles,
muzzle blasts; smcke from burning vegetation). Further, the computer
program is to provide a means of estimating the line-of-sight (LOS)
concentration, transmittance and probability of detection as affected by
the transport and dispersion of the contaminants. The program is to
perform these functions with limited meteorological input data and a
ninimum of user specification of the source characteristics required by

the computer program.

1.3 THE AMSORB PROCRAM

The AMSORB (Analysis of Multiple Source Obscurants on the
Realistic Battlefield) prototype computer program has been developed
in response to the purposes stated in Section 1.2 above. Figure 1-1 is a
simplified diagram showing the functiosnal elements of the AMSOR3 program,
which is based on the previously-developed EPAMS program funccional
concepts. The Analysis Phase {s c¢alled by the AMSORB Executive as a
result of A standing request for a routine analysis of meteorological
conditions in the battlefield surface mixing layer. The Analysis Phase
extracts available upper-air and surface meteorological data from the
Data Base. Ay shown im Figure l-1, the Analysis Phase is comprised of
two major elements. The Mixing-layer Analysis Routine calculates initial-
fzation parameters for the Mesozcale Wind-Field Model, as well as some
meteorological tuputs for direct use in the Applicatic  Phase, usiang
Data Base ilaputs. The Mesoscale Wind-Fleld Model caleulates wind-velocity
patterns and mixing heights for use in the trajectory/transport subelement
of the Applications Phase. The Analysis Phase does not communieate
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directly with the Applications Phase, but supplies sclutions to the Data
Base for subseqjuent use. The Applications Phase is called by the AMSORB
Executive as a result of a request for information routed through the
AMSORB Executive. The Trajectory/Transport Routine, Dispersion Moiel
Routine and the MS3 Routine in the Application Phase are {dentic.. to
the corresponding routines previously included ia the EPAMS prog um and
can be called and used in the same manner. The Battleficld Envi onment
Routine is the new addition to the program for accomplishin. -.e caleu-
lation of LOS concentrations, transmittance and probabiliry of detection
when all types of sources are present on the battlefield. Ths Battle-
field Enviroament Routine cannot be called by the user mless the user
has first requested, through the AMSORB Executive, source character-
isties for the battlefield scenmaric from the Data Processor Phase. The
Battlefileld Source Chavacteristics Routine automatically passes the
requisite source characteristics to the Data Base depending on the types
of sources the user specifies. The source charvacteristics routine has
been placed as a separate routine in the AMSORB program to facilitate

updating as new information on source characteristics becomes available.
l.4 ORCANIZATION OF THE REPORT

Many of the automated operutlions of the AMSORB Program are
based on elements of the EPAMS program deseribed in the report by Dum-
bauld and Bjorklund (1977) and the Smoke Obscuratiun ¥outine for EPAMS
described by Dumbauld, Saterlie and Cheney (1979). To provide the back-
ground information required toO understand the coneeprs of the AMSORB
program, we have abstracted or reproduced in this report some of the
original veports. Seetion I of Volume 1 below contatns a description of
the Mesoscale Wind-Fleld Model, the tranaport aud dispersion models, aud
the obscuration (vizibility and probability of dertectiea) models used in
the AMSORE Progran. The models and procodures used to develop source

characteristics for the Battlefield Puviroasent Routine are desceribed
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in Section 3. Section & describes the various model routines in the
AMSORB Program aad the analysis routines and other procédures used to
develop model input parameters for these routines. The computer program
structure of AMSORB is outlined in Section 5. Section 6 describes

the resulcs of example calculations made using the AMSORB program.




SECTTON 2

MESOSCALE WIND-FIELD MODEL, TRAJECTORY/TRANSPORT ROUTINE,
AND DISPERSLON MODELS

2.1 MESCSCALE WIND-FIELD MODEL

The Analysis Phase of AMSORB uses a numerical modeling tech-
nique developed for ASL by Tingle and Bjorklund (1973) to calculate
details of the mesoscale wind-field and depth of the surface-mixing
layer above complex terrain. This modeling technique is uvsed in AMSORB
for the same purpose. A brief description of the technique, abstracted

from the report by Dumbauld and Bjorklund (1977), follows.

The computer algorithm, based on the shallow - fluid equations

of oceanography, describes the motion of fluid in two dimensions by the

expressions:
Ju Ju Ju ]
pedhg + aglionl 2 s 2 . = -
Jdt Y 9% TV ay T 3% (um + ‘T) 0 (2-1)
ou A\ v 3
ou AL ay v L9 = 3.7\
T +u ™ + v 3y + g 3y (Hm + z,l,) 0 (2-2)
aH d(uH ) (vl )
n m m
L L . s 9
o + ™ + Sy 0 (2-3)
where

u,v = X,y components of the fluid velocity {a the layer asxt to
the terrain

H = depth of the surface mixing layev

m
2y = height of the terrain
g' = reduced acceleration of gravity
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g = acceleration of gravity

p = fluid density in the surface mixing lsver

e »  fluid density in the passive layer above the surface
mixing layer

These equations describe mesoscale wind-patterns above complex terrain

when the atmosphere above the tervain can te distinctively divided intu

two layers of different densities. This condition typically exista wh:n
the mixing layer above the terrain is capped by an elevatcd iuversion.
The interacticn of the upper layer with the lowec layer is liamited to
reduning the speed of gravivy wsves in the lower Javer. Equations (2-%)
(2-2) and (2-3} are written in their momentum form. Mesoscale wind
patterns arc generated by impulsively accelerating the mementuym in the
lower layer to a constant value and, after an empirically-determined
model time (sce Section 5.1; ia which the flow in the region of intevest
is assumed to become stabiliiced, using the steady-state solution tuus

obtained.

The computer algorithm contains an explicit Lax-Wendroff
finite-differencing procedure using nine grid points and one time level
in combination with a nilne-point low-pass filcter. The finfte differ-
ences are centered to preserve high-order accuracy. The grid arrange-
ment and finlte-differencing form of the equatisns are described in the
report by Tingle and Bjorklund (1973). High-frequency oscillations
generated in critieal flow situations neay regions where hydraulie jumpa
vecar are removes by the filtering technique, which i3 based on a sug-
gestion by Shapiro (1970) and has the advantage that lts smoothing
effect i» easily determined from its response function. In the Analysis
Phase, the fllter ia applied vvery seventh time step. It is well known

that the length of the time step &0 used in obtatning the selution




also affects the stability of the finite difference solution. The time
step is altered automatically in this algorithm in accordance with the

expression

A Ax
at = — min (2-4)

V2 EJuz + v2 + Vg “m]

max

where the stability parameter AS is dependent on the grid spacing Ax

and varies between zero and one, TFor the present application which uses
a minimum spacing (Axmin) of 5 kilometers, the stability parameter has
been set equal to 0.4. Because the entire solution grid wust be searched
to determine the maximum wave speed in the deaominator of Equation (2-4),
the value of At 1is calculated every second time scep rather than every

time step to save computation time.

A sensitiviiy analysis of the two-layer Mesoscale Wind-Field
Model indicated thar model instability can frequently occur in localized
rerrvain regions where the inversion height Hm is initialized, or is
adjusted by the model to a few tens of meters above the higher terrain
elevations, Tne momentum rconservation properties of the computational
scheme are such that wind velocities in these localized regions may be~-
cotre unireasondably 1. oge as the depth of the lower layer approaches a
minimum value. In order to prevent this type of solution instability,
e u- and v-compouents of the solution at any given time step are auto-
matically set to zuco and the iayer depth set equal to a minimum depth
of 30 mecers 1f ti. caleulated depih for a grid point is less than 30
metevs, Limited exparience in the application of this feacture of the
mesoscale model indicates that computational stability is preserved
without significant loas of womentum over the entire pgrid and with the
resule that wind fields in the immediste vicinity ot higher elevations

under these condiriovns appeary to be reasonsble,




The computerized algorithm uses an expanding grid in the boundary
area beyond the terrain region of interest to damp outgoing waves and
¢liminate incoming waves based on the technique suggested by Lavoie (1972).
Grid points ia the boundary region are placed at distances of 10, 20, 40,
80 and 160 kilometers from all four sides of the interior grid. The ter-
rain heights at all points in the boundary region are set equal to the
minimum clevation within the interior grid. The initial momentum is set
equal to the momentum used in initializing parameters in the interior

grid.

The form of the finite-differenced equations and other details
on which the mesoscale wind-field computer algorithm is based are con-

tained In the paper by Tingle and Bjorklund (1973).

2.2 TRAJECTORY/TRANSPORT ROUTINE

The Trajectory/Transport Routine in the Applications Phase of
AMSORB shown in Figure 1-1 has been abstracted from the EPAMS program
(Dumbauld and Bjorklund, 1977). This routine is designed to calculate:

(1) Cloud trajectories and mean-layer winds and mixing-layer
depths at fixed intervals along the trajectories for use
in the intermediate- and long-range dispersion models

described in Section 2.3.1 below

(2) The wean wind dirvection, mean wind speed and mixing-
layer depth at the location of sources locared near the
lines-of-sight for use in the obscuration-dispersion models

described in Sections 2.3.2 and 2.3.3 below
In both calculations, the Trajectory/Transport Routine uses the wind

vector and mixing-layer depth values given by the Mesoscale Wind-Field

Model at the solution prid points.

10
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The cloud trajectory from a release at any point within the
mesoscale model solution grid is calculated using a simple Euler pre-
dictor-corrector scheme and nine-poiut interpolation procedure. The
computer program uses wind vector data from the Mesoscale Wind-Field
Model solution at nine grid points surrounding the point of release and,
through the interpolation procedure, calculates the u- and v-components
of the wind at the point of release. If the smok2-dispersion models
described in Section 2.3.2 are to be used in the ensuing calculatiomns,
these components are resolved and the mean wind direction and speed are
made available to the smoke dispersion model., In calculating cloud
trajectories, the first point on the trajectory is determined by resolving
the components and placing a point at a fixed distance interval along
the resultant vector. The fixed distance interval is set at one-tenth
the grid spacing used in the mesoscale wind-field solution matrix (in
the present program a fixed iuterval of 500 meters is used). Wind-
velocity components at this point are also estimated from the nine-point
interpolation procedure. The new u- and v-components are then averaged
with the previously-determined components at the starting point. The
final estimate of the first point on the trajectory is then calculated
by resolving the averaged components and moving a fixed interval along
the resultant vector. This final estimate of the first point on the
trajectory is then treated in the same manner as the initial starting
point (source) and the interpolation and i{teration scheme repeated to
find the second point on the trajectory. This procedure is repeated
until the trajectory passes outside the grid area containing wind-vector

data or the number of iterations exceeds a predetermined limit.

The {nterpolation method is based on an evaluation of a trun-
cated two-dimensional Taylor's expansion formula (Carnahan, Luther and
Wilkes, 1969, p. 430) given by

hz . kz

f * - f *‘xf 33 — f .:.-.
(x,y) g P PRI Aot hktxy +5 . (2-5)

11

e 3




where

h = x - Xy
kK = -
y Yj
and f1 ] is either the u-or v-component at X5 yj, the nearest grid
¥

point to the point of interpolation (x,y). The partial derivatives

£, f,€£ , ¢ and f are estimated by divided differences.
X xx’ TRy vy

y

The depth of the mixing layer at fixed intervals along the tra-
jectory and at the release point or smoke source location is also inter-
polated from data provided by the Mesoscale Wind-Field Model using a

four-point bivariate interpolation formula given by

(1 -p) (1 -q) Hm + p (1-q) Hm

Hm(x,y)
1,] i+1,]

(2-6)

+ql-pH + pq H

i,3+1 "i+§, 341

where

p =  (x - xi) / (xi+1 -~ xi)

= - ! -

q (v =y £ gy -y
and H , H , H , and R arve the mixing layey

31 " th m

i.] i+l,] 1,1+l i+1,3+1

depths at the four surrounding grid points.
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2.3 DISPERSION MODELS

The AMSORB program retains the Dispersion Models Routine and the
MS3 Routine previously used in the Application Phase of the EPAMS program
described by Dumbauld, Saterlie and Cheney (1979). The volume-source
disperéion models for instantaneous and continuous sources and models for
predicting the buoyant rise of continuous stack emissions contained
in the Dispersion Models Routine are used to calculate isopleths of
dosage and concentration, with or without cloud depletion due to decay,
gravitational settling and precipitation scavenging, along the cloud
trajectory predicted by the Trajectory/Transport Routine., The models

are specifically formulated to account for changes in mean wind-speed

and depth of the surface mixing-layer along the predicted trajectory
while conserving mass continuity. The Dispersion Models Routine in
AMSORB can be selected by the program user as a "stand-alone" dispersion
routine for predicting dispersion at intermediatu-and long-travel dis-

tances from instantaneous and continuous volume sources.

The MS3 Routine, added to EPAMS under Contract No. DAEA18-77-C-0060
with ASL, is primarily for use in predicting line-of-sight integrated con-
centration (CL) and dosage (CLID) downwind from quasi-continuous and
instantaneous obscurant sources. The model has no specific means of
accounting for changes in the mean wind-speed and depth of the surface
mixing layer aloag a trajectory, and is thus iuntended for use over shorter
distances where these meteorological parameters can be considered constant

in time and space.

The Battlefield Environment Routine in the Applications Phase
of AMSORB incorporates features of both the Dispers'on Medels and MS)
Routines to calculate CL and CLID along user specified lines of sight.
The techniques used to calculate the cloud dimensions cx, oy and 02 in
the Dispersion Models Routine are used in the Battlefield Environment

Routine to define cloud dimensions along the trajectory from the source

13




to a distance of about one mesoscale model grid spacing from the lines-of-
sight. The dimensions of the cloud at this point become the initial
source dimensions for use in, for example, the quasi-continuous obscurant
source model to calculate CL and CLID along the lines-of-sight. Dis-
persion models have been added to the Battlefield Environment Routine for
an obscurant released by tfaveling vehicles. The dispersion models used

in the routines are described in more detail in the following paragraphs,

2,3.1 Dispersion Models Routine

The volume- and continuous-source models in the Dispersion

Models Routine of AMSORB are similar to models described by Cramer, et al.,

(1972).

Instantaneous Volume-Source Model

'L.‘ N
1 The concentration for an instantaneous volume-source can be

expressed as the product of four terms:

f a ?,1 X, = {Peak Term} {Lateral Term} {Vertical Term} {Depletion Term} (2-7)
3: .
i
e
?“E‘#\il The Peak Term describes the concentration at the cloud centerline and is
gu - i given by the expression
5 |
;1‘ o Peak Term = 373 ] (2-8)
i - 2 | (2m) %% cyn 92n
|
.- where
- ; Q = total source strength
= : 0 =  standard deviation of the concentration distribution in
E < Xxn I . th .
. A : the alongwind direction at the nt! distance along the
= cloud trajectory
F . o

14




o

o] = standard deviation of the concentration distribution
m in the crosswind direction at the nth distance along
the cloud trajectory

= standard deviation of the concentration distribution
in the vertical at the nth distance arong the cloud
- trajectory

Ozn

The Vertical Term describes the vertical distribuiton of mate-
rial at the nth distance along the cloud trajectory as modified-by re-
flections of material at the top of the surface mixing layer and at the
earth's surface and by gravitational settling of particulates. The expres-

sion for the Vertical Term is

O

. m,n
Vertical _ A exo |- ’ n=1 n
Term P G

SF‘ Ax 2]\
2aH +H +2z-V —1 (
m,n s a
a+l 1 n- n /
+r exp -3
UZII / S
(2-9)
r
N Axn 2
w 2a 0 + H' - 2 -V E —
m,n g v}
a 1 n= n
+ E roexp | - 7
a=1 Oun
r—‘ «
/ MoOAX 2]
< { n
2a H - H' -2+ V E =
m,n s a
+ a1 1] n=l "n
T exp |- 5
Oun J

15




where, for convenience in writing the Vertical Term, O0 (zero to the

zerceth power) is set equal to unity and

H' = effective release height (see Equation (2-21))
z = calculation height

Hm 0 mixing layer depth from mesoscale model for nCh dis-
3

tance along the trajectory

r = fraction of material reflected at the surface (1 for
complete reflection and O for no reflection)

VS = settling velocity for material in a given size cate-
gory

Axn = incremental distance along the cloud trajectory

Gn =  mean w%nd speed in the layer containing the cloud at
the nt" point aleng the trajectory (see Equation

(3— 1 8) be l.L)\J)

The Lateral Term is given by

2
lLateral Term = exp |- % <5l"> {2-10)
ya
where
y = crosswind distance from the centerline of the ¢loud tra-

jectory

16




The Depletion Term refers to the loss of mate-ial by simple

decay processes and by precipitation scavenging. The form of the Deple-

?}4 ) tion Term for each of these processes 1s:

g.if!,\ ,

é?’ - N Axn

= 3 (Decay) exp |-k = (2-11)

. . n=1 'n

y (Precipitati Axg

?_f€ recipitation exp | -A -— (2-12)
K Scavenging) u

ku{ ‘ un= 2

;;W

M

T where

» j k = decay coefficient or fraction of material lost per unit

ol L time

A = washout coefficient or fraction of material removed by
scavenging per unit time

The subset of equations describing the standard deviations of

a the alongwind o, crosswind © and vertical o concentration
.- xn yn 0
ap " distribucions is:
o ‘ 1/2 1/2
2
2

- L {x )\ , o.6aa Y
%0 T\ @v )Y (ox(n-l)) “Ne3T M “'("x(n-n) (2-13)

0

where

L{x,} = alongeind dimension of the cioud

EE Au = wind speed shear at the nm point aloag the tra-
jectory

17




uS,n =
Pn ©
zT,n =
zB,n =
=
LI'S,n
3 =
fn
G =

f1

u
5,n [.p p
PLAL - n
<P (‘T,n zB,n) (2-14)

wind speed at a height of five meters at the nth
point along the trajectory

wind power-law coefficient at the nth point along
the trajectory

top of the cloud at the nth point

H' + 2.15 O, 2 < H

n T,n m,n

(2-15)

base of the cloud at the nth point

S}V - 2.150 i Z, > 0
zn (LI Y

(2-16)
l 0 ;2 < 0

f’_tt.(ﬂmgst.f_f) () (2-17)

ey ()
m,n

th
mean layer wind speed from mesoscale model at n

point
mean wind speed ip the laver contalaing the cloud

N SOOI

A.n \Tm Byn g (2-18)

Pa (., -
(1+p) ()™ (“T.n zB,n)
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T,

v
o

gy e
4

¥

S

e

tncremental distance between the n points (equal to

Ax“ -
500 meters)
) 1/a «
i
-1
= M “ + i 21 Ut S -
Oyn GA’“ AA“ o (2-19)
A,n
where
o; 0 = standard deviation of che wind azimuth angle at the
’ ath point
0.2
" H\"( 1
= i — ——— Yy
CAun (180 (s ) (500 (2-20)
m & power-law exponent for variat.on ot OA with height
abuve ground
SH ; iz 5)
H' = ¢ S (2'2\\)
l‘b RS

{ = soure function time 3.5 seconds fov {nstantaneous

e
souyees

\-minute standard deviation of the wind aztmuth angle

\)A,n = tet
. ik
o s op o fas + (-{%ﬂﬁl& -} (2-22)
20 LRl f L ea
whete
* = & 3 ’ % Ja21)
dE.n dR,n (2/180) (8 /%) {3-23)
19




4 = power-law exponent for variation of o_ with
. E
height above ground

OE 0 = standard deviation of the wind elevation angle
b

The cloud expansion coefficients a (lateral) and 8 (vertical) in the

above equations are set to unity for instantaneous sources.

The concentration Xq is calculated under the additional
2striction that <y . If x> the values of o and
restriction that x < Kn-1 Ko > Xpop? yn

are increased proportionately so that Xy = Xp- and the calcu-

o 1

Xn
lations continued.

Dosage for an instantaneous source is obtained from the expres-

sion
X V,Z_'T?O
p o= A X0 (2-24)
0 i
z,Nn
where
u = mean wind speed at the calculation height z and nth

puoint on the trajectory

b5 (2)5 21

= (2-25)

20
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Continuous-Source Model

The Continuous-Source Model used in AMSORB is a modified version
of the Gaussian model for continuous sources described by Pasquill
(1962} in which the concentration 1is also expressed as the product of
four terms:

= {Peak Term}{Lateral Term}{Vertical Term}{Depletion Term} (2-26)

The Peak Term of the continuous-source concentration model is given by the

expression
Q (2-27)
Peak Term = - ~27
ak ter 2Zno o' ©
zn yn 1
where
Q' = source strength expressed as a rate
o'n = gtandard deviation of the concentration distribution in
y the crosswind direction for a continuous source at the

nth distance along the plume trajectory

are respectively defined by Equations (2-18) and (2-22).

and u and o©
n 2n

. N g t
uyn replaced by yn

The Vertical, Depletioa and Lateral Terms (with
where appropriate) are ildentical to the similar terms described for the

instantancous volume souvce. The subset of equations describing 0;“

is:
) 1/a «
o! = p! Ax + ..):.."B:.L {2-28)
yi Ac,n n
Ac,n
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where

, - LA
%Ac,n OA,n 180 (3“) (2-29)

and the remaining parameters have been defined previously. The defauly
values of w and § used in the program for continuous sources are a = 0.9

and o= 1.

Plume-Rise Models for Continuous
Stack Emissions

The effective height H of a buoyant plume is given by the sum of
the physical stack height h and rhe buoyant vise Ah. For a neutral or
unstable atmosphere, the effective stack height is given by (after Briggs,

1971; 1972)

S . 1/3 2
. 15.98 | 2 s 213
W = h+t )ﬁ{h} row ! ,,.,c h S (2-30)

where
v, = the lnner radius of the stack at the exit (m)
W= the stack exit velocity (m s“l)
T = the stack exit temperature (OK) fr the continuous sovrce
T = ambient alr tempurature (OK)

f = empirical correction factor

h = actual stack hwedight  (n)

R S Ol 't\\'rimel;._“ W




where

potential temperature lapse rate

H

or uxceeds 2,

h+ 1.903 f

“he factor f, which limits the plume rise as
exit velocity w,

u{h} = mean wind speed at stack height (m s

o)
Po=
(D\ n=1
Us,n=1 \5 )/

(2-31)
is defined by

u{h}

approaches the stack

uih}

is equal to or less than 0.
these conditions are not met, the program uses the corrvesponding Briggs
(1972) rise formula for a stable atmosphere given by
r

h+ 2.397 ¢

wrzT

S

=

23,
a(h} §

stablility parameter

Equation (2-30) is used when the net radiation index equals
e¢quals or exceeds

y ( T 1/3
ss s
alb] ¢

1 i ulh} < W/l W
(sw-.,gﬁit\}>; W15 < ufh) < w b (2-32)
0 ; ou(h}l > w

5

%

meters per second, or the

When

2,
wr

T T
AN

> (2-33)
. 1/3
| - 10 81/2 h 1{ ALY,
cos a(hy Js : 10 WA/2 =




. -
- 9—T— v (2-34)

5

¢ = height-veighted mean potential tewpervature lapse
rate over an approximately 200-meter interval sbuve

h
z ~ b + 200
$ A2
% h z (2-35)
S 7 = h+ 200
AZ2
"= h
T -1
Azt A,z 2-36
®z - AZ ( )
z
y = 7 -2 (2-37
Alz lz+l ?z )
IA.z = potential temperature at height ZZ
. - ; , ; i 7
1Z,z+1 potential temperature at height ol

N
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MsS3 Routine

The obscurant Jdispersion models in the MS3 Routine caleulate

CL and CLID downwind from quasi-continuous and instantaneous sources.

Quazi-Continuous Obscurant Seurce Model

According to experiments conducted at Dupway Proviayg Ground (Salomon,
st al, 1976 and Potersen, 1978), the amount of aerosolized smoke, M (¢},
4t any given tiae from quasi-evntinuous smoke weitions {3 given by the

expression




2 3 4
M {t} = M o MYF . YF [A(%;) + B(%—) + c(ﬁ—) + D(%—) ] (2-38)

B ‘s B
where
MO = total mass in grams before ignition
MYF = munition yield fraction
YF = vyield factor accounting for the effects of moisture
in the air
tB = total burn time in minutes
t = time in minutes
A,B,C,D = experimentally-derived coefficients

The amount of smoke produced by the munition as a function of time is,

therefore,
. 4
Qe = 7 M (¢}

or

LT T (2-39)

Qled = M« MYF - YF

Thiz expression is used to characterize the smoke munition souvce strength
in the dispersion model. I¢ should be noted that BEquation (2-39) is an
extremely laportant factor in determining the shape and maguitude of the

CL time profile at shoct distances downwind from a quasi-continuous

[
-



source, The smoke dispersion model periormance has been compared with

smoke munition trial data by Carter, Dumbauld and Rafferty (1979).

Quasi-Continuous Source Obscur-«nt Dispersion Model

The concentration at time t 1in seconds at a point Xx,y,z down-
wind from a quasi-continuous volume source emitting smoke over a time

ty is given by the cxpression

P, L N
[
x
|
N i
e
® he
~<

( ‘ | {2 -liE)-z 2
\ ‘) -
{exp -5 (-m-J"d~—~—— (2-40)

z

+
"
x
<
—
[}
—
/'\
Q |~
-+
~
e
NS
™

+
n
-

<

1
!

y 2
/2 iH ~H{t)+2 2 240 +H{r}-2\
L _m » expl - 4 (=8
2 0 2 o

Z 2

] . 277,
+ exp {- : (21Hm*k£{0'5")_‘2) l{ dt

S I

T G S



li;»i where
Qft} = source emission rate (see Equation (2-39))
f?' o = standard deviation of the alongwind concentration dis-
. 1 tribution (m)
AP
-1
ST g = standard deviation of the crosswind concentration
: y distribution (m)
o, = standard deviation of the vertical concentration
distribution (m)
- -1
o u = mean cloud transport speed (m s )
SR
&%I: H{t} = effective height of the cloud centroid at time t (m)
‘g%} H = depth of the surface mixing layer (m)

s t iy

where

Ret
{!

: 5 of closed brackets

PO and

_2'ﬂ g o
y ¢

If we perform the integration over the variable ¢, the solution for time

the lateral and vertical terms following the fiyst set

(2-41)




YE o Mo NYF 5 ) , )}
j = €, a, +€. ) a, + (€. +2¢
/5; S l [( 4 1 3 1 ( 2 4
— 2
exp < 5 > - [:<€4 a, + £3> a, + (52 + ZE")J
L (2-42)
B 2
a, —
2 £,
exp (- T) + {% (E'l + 3>
L
a Il
erf <i> - erf <"1‘>
/2 2 S
1 2B ut-x 3C ut-x
C = A + ~— ——— +
1 GOLB 60{B ( 3 > (60tg)2 < a >
(2-43)

¢ - - 2
X 6C t-x 120 t~x
[‘2 = -——’- '2"':— 28 + '6—""""‘ ("_—"“)* - 0 2‘ <u_ ) (2-44)
(bOtu) u OCB u (6 tn) 9
b 28
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0 -
€3 = .—.___X_B__i 3c+_1_2_r_). (u_t—_x_> (2_45)
. (60tB; u 60tB u
4D ox3
T oyt D e
B u
X - ut
a, = — (2-47)
! %
X - u(t-TS)
a, = ey (2-48)
X
t, t >t
B =
T 0= (2-49)
S
t, t©<t¢
B B
The standard deviation of the alongwind concentration distribution
used in the smoke dispersion model is
- 5 Y1/2
- L(x))z 2 9
o, [( i3 + 0 (2-50)
where
(9—«":93) S
L{x} = ! (2-51)




o

[
rr
-
rr
Py
cl %

x
[N
IA
-
A
c X

(2-52)
+ ()OtD

u(t—GOtB) ; + 6OtB < t

(=S

standard deviation of the alongwind concentration
distribution at the source

viertical wind-speed shear in the layer containing
the cloud

U5 p p
o [22 "7 (2-53)

Mean wind speed at the referance height of 5 meters
(see Eguation (2-17))

effective upper bound of the cloud

H{t) + 2.15 &

Vo2y < H
2 " (2-34)
| H Doy 2 M
effective lower bouand of the eloud
S H{t) - 2135 ¢ 2 2 megers
¢ (2-55)
a 2 metery : 2y € 2 wmecera
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al

= gverage standard deviation of the vertical concentration
distribution along the line-of-sight

1 2
W f 7, dx (2-56)

X%, = downwind distance coordinates of the line-of-sight

- " L+p l+p
Ys [‘2 ! J -

; ¢ u > uf{2 neters}
(z)-z)) P (L+p)

u = (2-57)

ul 2 meters)

ct
A

ul? meters}) ;

The standavd deviation of the crosswind concentration distribution {s

x+x -x_ (l-a) a . - 2 )
o = o' {t.} x DANES A ) + (20 % (2-38)
y A3 ry a xry y 4.1

where

0;{1 } = standard deviation of the azimuth wind angle in
" radians measured over the time v

‘ 175
. oA(to)( 2 ) (2-59)

0

-

-1
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yR

a9’

Az

1l

A

standard deviation of the azimuth wind angle in
radians measured over the reference time L

distance over which rectilinear crosswind cloud
expansion occurs downwind from a virtual point scurce

crosswind virtual distance

C‘y_R
| —_— . L . '
) ny ; 0yR < OA(rS} xry
o}
A s
(2-60)
/ l/a
Ovr
. ,____1’_,____ - + - . » ' 1
axry o) x xuy xry(l a); o R OA( 3) xry
TTA s ry
standard deviation of the crosswind concentrarion disegri-
bution at a reference distance Xp downwind from the
source y
azimuth wind direction shear in radians within the layer
containing the cloud
4y (L)( - ) (2-61)
Az 180/ \%2 7 ®y

change of wind direction in degrees with height in
the surface mixing layer




The standard deviation of the vertical concentration distribution used

in the smoke dispersion model is

o = aé ® (2-62)

where

= gtandard deviatton of the clevation wind angle in radians

-

X, ° distance over which rectilinear vertical cloud expansion
occurs downwind from a vivtual point source

X = vertical virtual distance

2z
o
2R X 9 < o' x
R Rz R T E vz
J
s (2-€3)
o 1/8
2R \ )
ex | -—52- - ok, v x_ (l=g); o, »ol x
L W / Rz te 2R £ te
E vz
dzp ~ sfandard deviation of the vevtical concentration distei-
bution at s referenve distanve :&& dowaiwind from the
souf e

Equation (Zral) ylelds conceatvacton as 2 fusetion o! time at a
specific point (x, v, 2). la the computer progeam, the linevof-aight

integyated concentration ia oblzined by numerically integrating Pquation




(2-41) over che line-oi-sight using a Gauss-Legendre technique (Abramowitz
and Stegun, 1964, Equation 25.4.30, page 887) with 24 arbitrary points
in the interval containing the cloud.

nstantancuus Source Obscurant Model

The line-of-sight integrated concentration for an instantaneous
source can be obtained {rom Equation (2-40) by setting Q{T} equal to the
total source strength Q and integrating over the line-of-sight rather
than time. The resuit of integrating between the end-points (xl, Yi» zl)

and (xz, Yo 22) of the line-of-sight is given by the expression

0 -/
CLI S AU exp b - 4ac erf |vav + b - erf b
2 Va b4a 2 Va 2 Ya
2
+ exp g = 4af erf /Z\_z + =] - erf S
4a 2 Ya 2 Va
1 (2-64)
= g - Aah. g.: g'
+ E exp e erf |Vav + — - erf S
i=1 ba 2 Va 2 Ya

k, - 4al, k k
+ exp <i—-——l— erf |Yav + 4 - erf 1
4a | 2 2 Va

o

.
m, - 4ap m m

+ exp <—i e erf |/av + 1 - erf 1
ba 2 Ya 2 /a

b

(Equation (2-64) is continued)
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where

1i

2 . :
(qi - hary ( Yy ) ( S¢ \
+ exp \~—— erf {Vav + —— - erf -———-)

4a 2 Va 2 fa

| R
——— T ——— S——

KQ

372 '
(2m) o, oy oz

total source strength

02 02 c052 § + 02 02 cos2 € + 02 02 cos2 £
y 'z X 2 Xy
202 02 02
X Y =z
2 2 - 2 2 2 2
Oy Oz(xl- ut)cos § + Ox Oz y, cos £ - Ox 0y<H{t} - zl>cos £

0.2 02 o2
Xy 2

-2 2 ~\2 2 2.2 22(’_2
Oy 0z(xl Ut> * 0x Ozy 1 + Ox Oy it} 21)4

?Dz 02 02
Xy 2z
2 2/ - L2 2 2 2
?y 0, %" ut)cos § + 0, 0, ¥y cos € + o 0y(H{t} + zl)cos £
520202

X y 2

. (2-64)
(Cont.)

(2-65)

(2-66)

(2-67)

(2-68)

(2-69)

RN,

L e

T



- 2 2 2
o2 Uz(x,' ut)2 +ol g yi + 02 o (H{t} + zl)
o= LR e 27 (2-70)
2 2 2
20 0. ¢

A b <

_ 1 ['"2 2/ =) 2 2
B, ~ T Luy °, \Xl ut} cos 6 + 0,0, Y, cose
0. 0.0 _
X'y z
(2-71)
R A ) N
o, Oy (clhm it} Zl> cos c,.J
1 [ 2 2 -~ 2 2 2 2
h = 0. 0 {x,~ ut +0 0.9y
i g2 o o2 L y 2 \ 1 ) x z "1
X 'y z
(2-72)
2 2 ( N _ 2
+ o Oy Zlﬂm H{t} zl)
i 2 -
k = —_— ol 02 %X, — ut ) cos § + 02 02 Yy, COs €
i : 2 y z \"1 x z°1
(o o o)
(2-73)
2 24 {t}
+ oL Oy 1Hm - H{t} + zl. cos £
!
1 2 2 -\ 2 2 2 2
1 = ~Z55 |9, O, (x - ut +a0° 0y T (2-74)
i 202 O2 G2 y 'z \'1 ) x z 71

(Equation (2-74) is continued)
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2 2 : 2] :
+ 24H - H{t} + z (2-74)
% 4 ( m ) 1) (Cont.)

B 1 2 - 2
mi = 5 g O (Xi"Ut)COSG"”OXOZleOSE
<8 oy o,
(2-75)
- g, 0 (21Hm + H{t} - Zl) cos g
_ 1 2 2 -2, 2 22
Py 7 25 02 02 oy % ("1 Ut) + O 9, 71
y
(2-76)
2 2 2
+ 0y o, (248, +H{EY - zl)
: 1 2 2 - 2 2
a ) oyz(l-ut)cos5+0xgzylcose
Oy Oy O,
(2-717)
2 2
‘ + o o, (28 + H{t} + 2;) cos £
.. R -N2, 2 2 2 _
1 202 o2 o2 9,9 \*1 - “E) to,o,Nn (2-78)
Xy 'z
(Equation (2-78) is continued)
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o . "‘l
+of ol (2iH_+ H{t) + "'1)2J (2-78)
. ~ n (Cont.)
X, — X
§ = cos‘-1 2 L (2-79)
v
oy, -y
€ = CcoOs R (2-80)
v
z, - 2
£ = cos t 2 1 (2-81)
Vv
2 2 Y Y
v = (xz -~ xl) + (y2 - yl) + (22 - 41) (2-82)

The remaining parameters in Equations (2-64) through(2-82) have been
defined under the discussion of quasi-continuous sources above, except

that x for all instantaneous sources is defined by

P - G (2-83)

Cloud-Rise Models For Buoyant Instantaneous

and Ouasi-Coatinuous Obscurant Sources

The MS3 Routine incorporates cloud-rise models for instan-
taneous and quasi-continuous smoke sources which release appreciable

heat duriug the smoke emission phase. The models given below are
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primarily based on material contained in a preprint of a paper by G. A,
Briggs (1971) presented at the Second International Clean Air Congress.
The rise models given by Briggs for stable atmospheres are specified,
Experience in using these models for predicting the rise of ground
clouds from rocket launches and of plumes from stacks indicates the

stable formulas predict nearly the same rise as that given by the

Briggs models for adiabatic atmospheres, if the vertical gradient of po-
tential temperature is arbitrarily set to a small value (3.322 x 10-4

degrees meter-l) when the atmospheric lapse rate is adiabatic or unstable.

The effective height of the cloud centroid downwind from an

S S

instantancous source is given by

S
R

v

o ( 4 ¥y 1/2 Ve 1/2
" .;:i{ h + 3 (l - cos (s t)) L
R “ "{I S
| ‘h H{t} = J r (2-84)
f" 1( . 174
o 2 8 13
I
k { ht | 5— ;ot 3_n/sl/2
- ¥
-‘V‘\ : ~ ~
: f&t where
- 3?‘ h = source height (m)
- 3y
FI = z——m_...__
€ PT T (2-85)

g = acceleration due to gravity (9.8 m S-Z)

Q7 = heat released (cal)
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Ad
Az

gpecific heat of air at constant pressure (0.24 cal g-l
K-1)

density of che ambient air (g m‘s)
ambient air temperature (°x)

entralnment coefficient for an instantaneous source ~J.6)

g M (2-86)

height weighted mean potential temperature lapse rate over
a height interval of about 50 meters above the surface

z250m

2 b, bz

=2

z250m (2-87)

A7

z=0 z

T -

_fhjﬁ%r_.,ﬂgi (2-88)
éZ

o ", (2-89)

= potential temperature at height Zz

= potential temperature at height Zz+1
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The effective height of the cloud centroid downwind from a quasi-

continuous source is given by the expression

e N
3F 1/3
h +| - zc (1 - cos (51/2 t)) ;£ < Tr/e.l/2
uy, s
H(t} = < F (2-90)
1/3
6 F
h+)z zc » ¢ Z."/sllz
uy, s
\ )
where
t
. ch
bc = (2-91)
mpc 1
Qé = effective rate of heat release in calories per second
Y. = entrainment coefficlent for a continuous source (~0.66)
t = time after munition is ignited

Equation (2~-84) for instantaneous sources and Equation (2-90) for quasi-

continuous sources are automatically used to calculate the effective

height H{t} when values of either Qi or Qé are specified in the

lookup dara tables for specific obscurant sources.
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2.3.3 Battlefield Environment Routine Dispersion Models

As noted in the Introduction to Section 2.3, the Battlefield
Environment Routine incorporates the same models described in Sections
2.3.1 and 2.3.2 above. When the Battlefield Environment Routine is

selected by the user, the program automatically selects the proper model

for use in calculating CL and CLID along the lines-of-sight specified by
the user depending on the source category and the distance of the source
from the lines-of-sight. For example, suppose the user has iaentified an
explosive munition source (see Section 3.2 below for a description of
explosive munition sources handled by the program) functioned at 7 kilo-
meters from the line-of-sight. Further assume that the program has used
the Mesoscale Wind-Field Model and Trajectory/Transport Routine to deter-
mine that the source contributes to the obscurant concentration along the
line-of-sight at the time of interest and the mesoscale grid solution is
based on a 2.5-kilometer spacing. The program would then use the tech-

niques described in Section 2.3.1 for calculating the concentration and

cloud dimensions along the cloud trajectory until the cloud trajectory
intersects the boundaries of the grid square containing the intersection

of the cloud trajectory and the line-of-sight. The cloud dimensions Ox

bl

n
Oyn and Jon determined to exist at this boundary from application of the

Instantaneous Volume Source Model described in Section 2.3.1 and the
initial source strength Q are then used to define the initial conditions

for the application of the Instantaneous Source Obscurant Model described

in Section 2.3.2 above. The Instantaneous Source Obscurant Model uses the
meteorological parameters for the grid square containing the line-of-sight
in the calculation of ClL and CLID along the line-of-sight. The probability
of detecting a target is then calculated, if the user desires, using the
Obscuration Model Routine described in Section 2.4 below. If the source
had been deteyrmined by the program to be uithin the same grid square as

the line of sight, then the program would have used the source param-

eters from the explosive munition source characteristics model and the
meteorological inputs for the grid square directly in cthe Instantaneous

Source Obscurant Model.
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A similar procedure is followed when the user defined source

category is for a quasi-continuous obscurant source, except the Battlefield
. Environment Routine uses the Continuous-Source Model described in Section

2,3.1 and the Quasi-Continuous Source Obscurant Model described in

Section 2.3.2. It should be noted that the primary purpose for using

the Dispersion Models Routine des¢rited in Section 2.3.1 in the Battlefield

Environment Routine is to simply account for the effects of changes in

wind speed and depth of the surface mixing layer along cloud trajectories

that exceed the mesoscale prid spacing while preserving mass continuity.

When the trajectory between the source and line of sight is contained

within a grid square or enters the grid square containing the line of
sight, the resolution of the mesoscale model is such that wind speed and

depth of the surface mixing layer are assumed coustant along the trajectory.

Mobile Line Source Dispersion Model

A Mobile Line Source Model routine has been added to the battle-
field environment routine, which is not available for use in the MS3 Routine.
The line source geometry is shown in Figure 2-1. The vehicle 1s assumed to
move from O to point A at a constant speed VT' The concentration at point
r{a,B,2} from an instantancous source generated at point § by the moving

vehicle is glven by

' . Haes ¢!
QE VT dt 2a Hm H+a+Vs(t t')

@0 2
1
x{a,B8,2,e) = - Zexp[- “(*‘ ) ]
(2")3/2 ox ay s 2 ”z

z a=0

w ‘ - iy L 2
oy | [ 4 HoHee=V (e-t7)
+ L Y g

as} = -

(2-92)

( 2a H_Hirz-V (t-t') )2 ]

b]
Z

24—

(Equation {2-92) is continued)
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FICURE 2-1. Plan view of the mobile line sourve geometry.
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(Za Hm-H-z+Vs(t-t') )

)
2

[T

onp |-

1. 1 - . 2
. 1 VTt cosBx'tand~ (f/cos?d) (2-92)
xp 2 Ox (Continuation)
x"-V_t'sinB-u(t-t") 2
1 T
| )
X

QE = constant emission rate (g m‘l)

v = vyehicle speed (m s—l)

dt' = instant the source is generated at point §
£t = time concentration is calculated

t' = travel time of the vehicle

»

and the parameters “m’ H, 2, V , Ux’ Oy and 0z have their usual meanivg. If

3
we start the vehicle at times t' equal 0 and t equal U, the concentration
at point v{a,B,2) from all the instantaneous point sources compriuing

the line source generated by the vehicle traveling over a time tl can be
caleulated by integrating Equation (2-92) over the iunterval - Note that

the limit of intcgration t, must be equal to t for tiwmes t less tham or

1

l 1 1’
cant be analytically pevformed only 1t the standard deviations ox’ 0y and o

equal to t, and equal to t, for times t greater than t The integration
have a stmilar tunctional dependence on the time €', We have pertformed the

{ntegratioa under the assumptions that:
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o {v=2.5)
o, = Ty [u(t-t) + xv)] (2-93)
oy = oA{f=2.5} [u(t-t') + xv] (2-94)
a = T [G(t-t') + xv] (2-95)
oA{r=2.s}
ko= (2-96)
E
o
Y T TS (2-97)
x' = acosf + f#sind (2-98)

and where 1" is determined such that o, given by Equation (2-95) will approxi-
mate the value that would have been obtained if Equation (2-50) had been used
to caleulate o,- The results of integrating Equation (2-92) are given by

the expression

3]

y = = T2 1 1 . 2
XV(Q.E;Z,C} = S exp (Zﬁ - A -?-fN- exp | - N B—-]:. + .2..§

as0

(2-99)

(Equation (2-99) i& continued)




(2-99)
{Continuad)

whete

. y i
N o= BT+ B+ CT \o-100)

b ?
pos € e ¥ e (2-101)
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M

2(BJ - FL + GM)

2{(GM - FL - CJ)

2(GM - FL - DJ)

2(EJ - FL + GM)

MZ + L2 + J2

kT”(Za H ~H+2z-(V x /v
m s Vv

kT (Za Hm +H+ z+ (vS xv/uﬂ

g - .
KT"(7a M+ H -z + (V] x /2)

KT'(2a - H -z - (U x /3)

T“l}'tanﬁ -(3/cosB) + VT(t+(xv/G))cos6]
OA{T=2.5} [x' + X, - VT‘sina(t + (xV/G»]
k v,/ (V2 0, (1=2.5) u)

Uy cos8/ (V2 oA{r=2.5}G)

(VT sind - u)/(/2 T" )

Qp V& YIS/,

(2-102)

(2-103)

(2-104)

(2-105)

(2-106)

(2-107)

(2-108)

(2-109)

(2-110)

(2-111)

(2-112)

(2-113)

(2-114)

(2-115)

(2-116)

(2-117)

(2-118)



o
1

V2 1 OA{T=2.5}[Gt + xv] (2-119)

Y2 T OA{T=2.S}[u(t—tl) + va; t>t

(2-120)

/2 ™ o'{1=2.5} x st
A \ J

The purpose of the parameter T', as noted above, is to approximate
Equa®ion (2-50) using Equation (2-95) in a manner that, after the integration
of Equation (2~92) over the time t' is performed, yields the average value
of o from all the instantaneous sources affecting the concentration at the
point r{a,B,z}. To obtain the appropriate value of T", we first determine
the portion of the line source contributing to the concentration at the point
r at time t. This is accomplished by calculating the origin of clouds from
instantaneous sources comprising the line sburce which lie within approximately
5 Oy in any direction from the point r at time t. We then calculate a value
of T' by setting Equations (2~50) and (2-95) equal to one another and solving

for T", resulting in the following expression for T'":

X =X

1/2 1/2 2
x[x2+(00/k')2] + (o /k')2 n) x +[x2+(00/k')2} X = x
™ = k'{-— , o - 1 ¥ (2-121)
27 0 (e
Xz Xl ..Xv XZ Xl
X=X
where the symbolic notation means that the numercator is evaluated at
x equal Xy and Xo x=xl




1

formation matrix

where

4}

X, = xi cos((£-8) - sin(&-0)
¥y 0 sin(£-6) cos (£-6)
L
X, = 'xé cos(£-6) - sin(g-90)
Yy ( 0 sin(§-8) cos(&£-8)
J
(aiz ~ R)/cosz(tan_l(SOA{T=2.5}))
(a£2 + R)/cosz(tan—l(SoA{T=2.5}))
1/2

[a!z - (a;2 + 822) cosz(tan—l(SoA{T=2.5}n]
'ai cos(0-£) - s8in(6-§)
Bi sin(6-%) cos (6-£)

o - VT t cos(90 - 6)

B -Vt sin(90 - 0)

T

t:an_l [(G sinB)/(u cosh - VT)]

The values of x, and X, are determined from the coordinate trans-

(2-122)

(2-123)

(2-124)

(2-125)

(2-126)

(2-127)

(2-128)

(2-129)

(2-130)



The angle £ in Equation (2-129) is the angle between the mean wind direction
and the locus of points of the instantaneous clouds generated by the moving
vehicle prior to the calculation time t., Inspection of Equation (2-129)
shows the angle is dependent on the wind speed u and, as shown dy Equation
(2-57), the wind speed in turn is dependent on cloud dimensions. For this
reason, the program performs an iteration to define the appropriate value
of u and the angle § for the portion of the line source generated cloud
which may be in the vicinity of the calculation point &t time t. This
value of u determined in the iteration is then used in the dispersion model
(Equation (2-99) énd following equations). The parameters U and Aﬁ'are,
respectively, the values of the mean wind speed and wind speed sheer re-
quired to equate Equations (2-50) and (2-95). When the cloud is fully

mixed in the surface mixing layer, e.g.

xl > x* = - . x s (2-131)

the program calculates u and Au from the expressions:

u

T o= Rp (Hml+p - 2”") (2-132)
(1+p) g (Hm—Z)

B . uR
: o= — <H P. 2") (2-133)
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; However, when X1 < x*, they are evaluated from the following expressions:
a (2.15 o )P x P x_ P
: = R E % \4 \4
: u o= p“ ——— X" +5—," - xl+F
(xz—xl)(l+p) Zp (1+p) E E
(2-134)
3
Gy x4} w 1P _ L4
(R -2) m
m
l .
g, (2.15 01)P x_ \FTP x 1P
AT = 5 xk% 4 - % - 5¥
, (xz—xl) Zn (1+p) E E
) (2-135)
+ (x2 x*%*) Hm (x2 xl) 2 )

where

x*

Ed
%
A\

el

(2-136)




2.4 OBSCURATION MODEL ROUTINE
2.4.1 Obscuration Model

The Obscuration Model of AMSORB is a modified version of a model
developed by Gomez and Duncan (1978) for use in the ASL Smoke Obscuration
Model (ASLSOM). The ASLSOM routines were basced on an obscuration model
contained in the SOMT obscuration program (Johnson, et al., 1972) developed
for the JTCG/ME. The Obscuration Model calculates target, background bright-
ness and cloud brightness, light transmission through an obscuring cloud,
scattering of light by aerosols, and target-background contrasts. When
the model routine is used in conjunction with dispersion-model routines
described in Section 2.3.2 and 2.3.3, the primary output is the probability
of detecting a target. The probability of detection depends on the amount
and type of obscurant present, general lighting conditions, relative con-

trast of the target and background, and the amount and type of natural

obscurants which may affect detection.

The ASLSOM visibility model contains options for calculating the
probability of detection for visible, infrared, laser and electro-optical
(E0) sensors. These options and the option to éonsider the effects of
adverse weather (rain, fog, etc.) contained in ASLSOM have been retained
in the Obscuration Model used in AMSORB, although unly the option for
calculating the probability of detection in the visible region of the
spectrum has been verified. The Obscuraticn Model and the modifications
made in the ALSOM smoke visibility-model routine for application in AMSORB
are described in Section 2.4.2 below.

The probability of detecting a target 1s calculated from the
relationship (Johnson, et al., 1972)

PD = 0.5 {erf [1.462 (ccrey) - 1)] + 1} (2-137)




where

¢ = contrast
S, (2-138)
2 - M
M = modulation contrast
2(B_-B )
= JtrB b (2-139)
t b
Bt = target brightness as seen by the observer
By = background brightness as seen by the observer
CB = threshold constrast for a 50 percent probability of

detection (visible spectrum)

Values of CB determined by Blackwell (1946) for various target illuminations
and sizes are used in the AMSORB program (see Section 4.4). Equation (2-137)
shows that the constrast C must be greater than the threshold constrast CB

to have a probability of detection of greater than 50 percent.

The target brightness seen by the observer is

t to t c (2-140)
where
B, = brightness at the target location of a target with
o veflectivity Rt
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T, = transmission factor from the target to observer

B = cloud brightness with respect to the target due to light
c .
scattered into the line-of-sight between the target and
observer

The subset of equations defining Bc and T, is
)

N
B, = R, Z B, T, cos (180 - ¢i) (2-141)
0 i=1 1

where the summation extends over-only those light sources where ¢i is greater
than or equal to 900, since light sources behind the target do not contribute

to its brightness, and where
B = brightness of the ith light source (sky, sun, terrain)

¢i = sgcattering angle for the ith light source (see Figure 4-5
in Section 4.4)

LI fraction of light reaching the target from the ith light
source
Xiiyitzi
= I—Iexp -ag{k}/ )g,;z{x.y.z,.c} dg (2-142)
L XerYerZe
P XY ¥y
= exp - a,{A} XV;Q(x,y,z.t} dg (2-143)
=1 ,
L xt,yc,zc
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ag{k} attenuation coefficient for light of wavelength X and

the obscurant from the 2th source

XV,Z{X,Y1Z,t}

concentration at time t at the point (x,y,z) given by
Equation (2-41) for the obscurant from the 2th gsource

7 i, AT TR S g e e s

-

In Equation (2-142), for example, £=1 might be a smoke source, £=2 might be

a dust source and so forth for the total of P different sources. The quantity

d{ in Equation (2-142) is oriented along the line-of-sight between the tar-

get at (xt,yt,zt) and the light source at (xi,yi,zi). Since each light

source or sky segment is an infinite distance from the target, the position

(xi,yi,zi) is specified by multiplying the direction vectors to the light

source by a large number (Johnson, et al., 1972). 1In Equation (2-140) the

fraction of light transmitted from the target to the observer T, is given

by:
= - CL -
o= | [exe ey (2-144)
'8
where
CL% = line-of-sight integrated concentration between the target
and observer for the obscurant from the th source
oY
= xv‘z{x,y.z,t} dg (2-145)
XO:YO,ZO
where

the observer is located at the coordinate (xo,yo.zo) and df is ori-

ented along the line-of-sight between the target and observer.




The cloud brightness BC is defined by the expression

M P N
A S Pt ) (2-146)
Bc Tjo le v’ (Boi iZTij de
j=1 L =1 i=1
where
T = fraction of light from the jth incremental cloud volume
jo . - .
along the line-of-sight reachi:_, ‘lhc¢ observer
,YJ j
= I-] exp| ~ a, {\} J/P xv;g{x,y,z,t} dg (2-147)
’y
o
,ifw C % = concentration due to the kth obscurant source in the jth
E ] cloud vlement, assumed constant within the element and eaual
TSR
5 ’ : . th - th
> Tij = fraction of light reaching the j ¢loud element from the ¢
| ’ light source
: Y8

° H exp | = a (1) Xy, g {xayaz.th de (2-148)

Fiﬁ = fraction per unit coneentration (due to the Etk ohscuvrant) of
the light intensity which (s scattered through an angle o tnto

S ] BRERS
} -

|

}

i

i

the observer's line of sight




FR{¢1,X}

kZ

(2-149)

k = propagation constant

1}

2n /X

and the scattering function (F£{¢i,k}) is a complex function of the type of
particle, the particle-size distribution, the refractive index of the aero-
sols, the wavelength of light and the scattering angle. The computer pro-
gram uses tabular values of this function which have been precalculated

for scveral types of smokes using a Mie scattering program (see Section
4.4). No Mie fractions for obscurants other than WP or HC smoke have as

7et been calculated and thus only these values are currently used in the
program regardless of the obscurant specified. When more than one type

of obscurant is present, the summation over N light sources and M cloud
elements indicated in Equation (2-145) is performed for each type of

obscurant aud summed over the P sources to obtain the totzl cloud brightness.

The brightness Bb of a background of reflectivity Rb is determined
in the same manner as the target brightness in Equations (2-140) through
(2-148) by replacing the end point of integration (xt'yt“t) with the end
point (xb,yb,zb) and Rt by Rb‘ I1f the target and background are coincident,
the only differcnce in brightness between them is due to the differcace in

thelr reflectivities.

Detailed explanations of the theoretical background of the
obscuration model described above are given by Johuson, et al. (1972) and
by Comez and Duncan (1978).
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2.4.2 Revisions of the ASLSOM Smoke Visibility Computer
Code

Revisions in the ASLSOM sm.ne v¢isibility computer code were neces-
sary to make the code compatible with the concentration models described
in Sections 2.3.2 and 2.3.3, with AMSORB, to improve the computational
efficiency of the combined programs and to allow consideration or multiple

obscurants. The si{gnificant revisions made in the code were:

° Modification of the input routines
e Automation of the threshold contrast calcuiation
° Addition of a test to determine if any obscurant is re-

quired to obscure the taiget

° Replacement of the routine determining whether and when

the obscurant cloud intersects the line-of-sight

' Addicion of a routine to divide the line-of-sight into

a specified number of cloud elements

) Addition of coding to allew simultaneous calculations for

differeant types of obscurants

. Modification of the sky-partitioning routine

. Modification of the test for large obscurant concentrations
. Modification of the test for swmall obscurant councentrations
) Replacement of the output routine

Bach of these changes 18 discussed below.
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Modifications of the Input Routine

The input routines of the ASLSOM visibility program were modified
to automate the probability-of-detection calculation. In most cases,
the data required to perform the calculations are included in the program
In the form of "Jook-up” tables, are calculated under various assumptions,
or are supplied to the obscuration model from other portions of the program.
Details concerning the tables, and input calculation procedures are given
in Scction 4.4 below. For calcuiating the probability of detecting tar-
gets in the visual spectrum (visible scenarios), the only input required
is the position of the target and observer and a code specifying target
and background characteristics. The target is defined to be the object
being viewed by the observer. YFor infrared, laser and other wavelengths
outside the visible spectrum, the current version of the program requires

that all inputs needed by the original code be supplied.

AMSORB uses the tabular values of threshold contrast described
in Section 4.4 to calculate the probability of detection, where the
ASLSOM and SOMI codes required the user to input appropriate values. The
use of "look-up'" tables {ncorporated within the prugram structure has the
advantape in that the threshold contrast can be determined after the target
and background brightness calculations have been performed. This allows
the program to chovse a value based on whether the target actually appears
brighter or darker than the background, rather than basing the value only
on a comparizon of the two reflectivities, A target that {s brighter
than its background under conditions when no obscurant is present way
appear darker than its background due to obscurant above the target attenu-
ating the light which {lluminates ir. PFor a target and background which
are cvoincident, this is not a peoblem und a vomparison of veflectivities

can be used. .

00
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Addition of a Test To Determine If any Obscurant
is Required to Obscure the Tarpet

In some cases the target and background reflectivities may be
nearly identical so that, under the assumptions made in the Obscuration
Model that contrast i{s the only factor affecting detection, no obscurant
is required to obscure the target. The ftest in. “rporated in the modified

code compares the reflectivities of the target RL and barckground Rb and

delfines the contrast as

c “I c o (2-150)

The vaiue ot C is cempared to the tbreshold contrast CB from Blackwell's
(1946) data for a given i{llumination and tarpget size, using the tabular

values described in Section 4.4, If C i3 less than C the probability

of detection is calculated from Equation (2-137) uiLhBLhc value of C given
by Equation (2-150). For a probability of detection less than or equal to
5 percent, the calenlations are stopped and a solution iz printed stating
that no obscurant is required to obscure the target, 1f the probabilicy

of deteetion is grea =y than 5 percent, the complete calculations using
fguations (2-138) thro.  2-149) arc perforamed to find the actual value of

the contrast C.

Replacement of the Routine Determining
Whether and When the Obscurant Cloud
Interzects the Line-of-Sight

the modified obscuration routine in AMSORB docs aot require the
user to specify times when the probability-of-detection oy line-of-sight
contcentrations are to be valeulated as in the ASLSOM code. Insread, the
program autoaasically determines whether the obscurant cloud intevasccts
the linc-uf-sight and the tlme interval requived for the obscurang

¢loud to pasz through the ling-sf-zight. The c¢loud agrival time at the
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line-of-sight £, and cloud passage time tp for obscurants from each source

{(munition or submunition in the case of smoke sources) is given by

X - 3.04 0
min Pl
t =2
a —
u
and
X + 3.04 o
t. = 6OtB + - =
u
where
Xoin - minimum alongwind separation distance between the source
and any point on the line-of-sight
Xoax maximum alongwind separation distance between the source
and any point on the line-of-sight
tB = rotal source emission time (burn time for quasi-continuous
smoke sources) in minutes
OX = sgee [Equation (2-50)
u = see Equation (2-57)

The maximum time interval from the smallest value of ta greater than
zero, calculated for all sources, to the largest value of tD for all
sources, is subdivided into the number of times the user specifies that
probabllity-of-detection calculations are to be made. The probability
of detection is then calculated for this number of times durlng the time
iuterval required for the obscurant from all sources to pass through the

line-of-sight.

(2-151)

(2-152)




The obscurant for any specific sorrce is not considered in the calcula-
within the maximum time interval if the inter-

It is

tion for a specific time t,

val between ta and tp for that munition does not encompass ti'
also not considered if there is no point on the line-of-sight between
the target and observer which is within 5 a, (see Equation (2-62) for oz)
of the effective height of the c¢loud H{ti} for that source. It should be
noted that all obscurant sources are considered in the calculation of

. . tu , th
integrated concentrations betwcen the £ '° iight source and j  cloud

element for all values of ti within the maximum time interval. If no

obscurant from any source passes through the line-of-sight between the
observer and target, no probability-of-detection calculation is made and

a message stating this condition is printed.

Addition of a Routine Used to Divide
}}&Lincjof—Sigl\_E into

Cloud Flements

The obscuration code in AMSORB contains an automated procedure
for dividing the line-of-sight between the target and observer into
elements for thie ¢loud brightuess calculatfons. The vode uses portions
of thue transport and dispersion models to define the lateral and vertical
boundaries of the obscurant cloud at any digstance fiom the source as 5
standard deviations from the cloud centerline. The effective line source
within these cloud boundaries is defined and divided into 20 equally-
spaced cloud elements for each calculation time., If the line length of
2ach element dY {u laess than | merev at ehiu point, the number of e¢lemeats
is decreased until the length d2 i3 1 meter and this number of elements
is used {n the caloulations of clouwd brightness, 1f, on the other hand,
d is greater than 1l meter, the trapezoidal rule of 1ntegration iy used
in combination with the dispersion model to caleulare the {ntegrated
concentration along the effective cloud length.  The numder of eloud
elements {s then doubled to 40 and a aimilar procedure tollowed. If dR iy
less than 1 meter, the number of elements {s reduced until di equals

meter and this number of elements {5 used in the cloud brightness caleu-

lations. 1f di exceeds 1 meter for 40 elerents, the integrated concentration

6l




is calculated and compared with the integrated concentration calculated
using 20 elements, If the change in integrated concentration is less than
1.5x10-3 percent, the number of elements is decreased until the change is
l.leO—j percent. The entire procedure of doubling the elements, checking
the length of d, and comparing the percentage change with the criteria of
1.5x10-3 percent is continued until either a l-meter spacing or a spacing

yielding less than a l.leO-3 percent change in the integrated concentration

is achieved. For the trial calculations we have performed, the procedure

has led to changes in the cloud brightness of less than 0.1 percent and

even smaller changes in the calculated value of contrast C used in the vro-

bability-of~-detection calculacion.

Addition of Coding Permitting Simultaneous
Calculations for Different Types
of Obscurant Sources

The Cbscuration Model code in AMSORB has the capability of
performing probability-of-detection calculations when sources containing
different types of obscurants ave released at the same or different times.
In the program, the line-of-sight integrated concentrations are calculated
separately for each source, which sllows the source characteristics and
the time the zource is released to be different for cach type of source.
tThe line-of-sight concentrations and elemental concent:ations along the
line~-of-sight are summed tor each source of the same type and the total

attenuation calculaved from the expression

P

—
T = exp |- :{4 RN (2-153)

L=l
L

where there are P differeat types of obsceurants and the attenuatisn coei-

ficlents u, are known for each type of obscurant. The cloud brightness

2
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of the plume containing these multiple obscurants is calculated according

to Equation (2-~146) and takes into account the difference in scattering

and attenuation properties of each type of obscurant.

Modification of the Sky-
Partitioning Routine

The uscer must input the number and location of light sources

to the ASLSOM and SOMI visibility codes. The number of light sources

and their location are obtained by using a separate program. For use

in the automated AMSORB program, we developed data tables in the mass
storage file containing the location of sky segments based on their posi-
tion with respect to a standard reference frame. For each data case,
this standard reference frame is translated to a new reference frame

that 1s oriented with respect to the line-of-sight between the target

and observer. These data tables are based on the results of extensive

target brightness calculations wmade with the SOMI routine using hundreds
of sky partitions. The results obtained using the simplified procedure
outlined below are generally more accurate than those obtained using the

SOMI routine.

The procedure used to define the light source locations described
in Section 4.4 {5 based on the division of the sky into either 6 partitions
of equal solid angle when the sun is shining on the face of the target or
16 partitions when the sun is behind the target. In both cases, another
partition of equal solid angle is formed whose centroid has the actual
coordinates of the sun's position and has the sun's brightuess. The sun's
partition may overlap some of the other sky partitions, but this causes
no problem in the calculations ainece each partition {8 handled {ndependently.
The sun is thus placed in its own parctition, vesulting in either a total
of 7 ov 17 partitions being uwsed in the caleulations, The sun's position
in the sky 15 automatically obtafned from a4 routine contained in the
mesoscale model routine, which calculates the poaition as a funetion of

date, time of day, and the lonpgitude and latitude, The cloud cover is




also passed to the obscuration model from the mesoscale model routine.

If the sky is overcast, the sun is not considered in the calculation and
16 partitions or segments are used in the calculations. The program will
not currently handle nighttime scenarios and some changes will be required
so the user can input the brightness and position of the moon or other

light sources such as flares.

Modification of the Test for
Large Obscurant Concentrations

The ASLSOM smoke visibility model contains a check to determine
if the existing concentration of obscurants is sufficient to obscure the
target without consideration of the cloud brightness, thus eliminating the
necessity of performing the time-consuming cloud brightness calculations.
We have changed the location of this test in AMSORB so that the line-
integrated concentration between the observer and target is checked prior
to any target and background brightness calculations. Computer runs using
data from smoke trials also indicated that the critical level of concentra-
tion required to obscure the target without considering cloud brightness
needed to be increased. Cloud brightuness calculations are not considered
necessary in AMSORB when the product of the line-integrated concentration
and the coefficlent of attenuation is equal to or greater than 11, rather

than tue value of 7 used in ASLSOM.

Modification of the Test for
Small Obscurant Concentrations

The ASLSOM model also contains a check to determine if the
amount of obscurant between the target and observer is so small that the
probability of detection is at least 93 percent. The ASLSOM program
first caleulates the target brightness, reduced by the smoke cloud, and
then calceulates the atrenuation of the target brightness due to the saoke
between the target wnd observer without making the eloud brightness
caleulacion, 1Y the garget brightness is reduced less than § pevcent

by the smode between the tarper and observer, the ASLSOM code concludes




that the probability of detection 1s greater than 95 percent and does
not perform the cloud brightness calculation. In cases where the re-
flectivities of the target and background are similar, even a small amount
. of obscurant can cause a reduction in the probability of detection. For
this reason, the Obscuration Model Routine in AMSORB, in addition to the above
. tests on transmission and brightness, computes the probability of detection
given by Equation (2-137) with the civud brightness BC set to zero before
the conclusion is reached that the probability of detection is greater than

95 percent and cloud brightness need not be calculated.

Replacement of the Qutput Routine

» The output routine of ASLSOM was changed to reflect the types
of calculations made in AMSORB, and the MS3 Routine includes options for
selecting graphical output showing time profiles of line-of-sight integrated

concentration, probability of detection and light transmittance.

L 2.4.3 Limitations of the MS3 Routine

The AMSORB routines have certain limitations. As mentioned
above, the current version of the program does not contain sufficient data
) in the mass storage data files to perform completely automated calculations

| for nighttime scenarios, and for making probability-of-detection calcula-
TQ ! tions for lasers and infraved scenarios. Thus, when such calculations
] are desived, the AMSORB program requires the user to specify the same in-
puts as those required by the ASLSOM code. Also, because of the lack of
data, we have been vnable to check completely the operation of these pov-

tions of the code. The adverse weather module of ASLSOM has been included

in AMSORB, but also has not been checked.

The mass storage data filles contain source data for varlous
staoke munitions, munition produced dust, dust produced by moving vehicles,
muzzle blast smoke and dust, burning vegetation, buraing buildings, and

burning vehicles. WUe have included data for only those smoke munitions
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tested recently at Dugway Proving Ground. The mass storage files contain
Mie scattering fractions for only WP smoke in the visible spectrum and

HC smoke at the 10.6-micrometer wavelength in the infrared. Because of

this liuitation, Mie scattering fractions for WP smoke are currently used
for all obscurants in the visible spectrum unless other values are input

by the user. Attenuation coefficients for all obscurants at all wavelengths
of interest are also not available, although values cxist for visible light

for all of the obscurants mentioned above.

Most, if not all, of these limitations are caused by the lack of
suitable data for use in the program and will be removed when such data
become available and are placed in the mass storage data file. Details of
the data obscuration calculations now included in the mass storage data file

are given in Section 4.4.
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SECTION 3
BATTLEFIELD ENVIRONMENT SOURCE CHARACTERISTICS

The source characteristics of obscurant sources are required
for use in the MS3 and Battlefield Environment (BEC) Routines of AMSORB.
This section contains a description of the source characteristics and
models used in developing source characteristics (SORDAT routine) for
smoke munition sources, dust clouds produced from munition bursts and
from moving vehicles, smoke and dust clouds from muzzle blasts, and
smoke from burning vegetation, buildings and vehicles. 1In some cases,
source characteristics models developed for the E-0 SAEL program library
(Duncan, et al, 1979) arc included in the AMSORB program and are used to

develop source inputs in the SORDAT routine of AMSORE.

3.1 SMOKE MUNTTION SOURCE CHARACTERISTICS

Table 3-1 gives the source inputs required by the dispercion
models to treat smoke munition sources. The user need only supply the
source coordinates, the detonation time, the direction of travel with
respect to grid north of the projectile prior to detonation, and the
type of =moke munition being used when the munition is selected from one
of the fifteen munitions or submunitioas for which data are available in
the AMSORB mass storage data file. Source input data for these smoke
sources ave shown in Table 3-2. The parameters tor all sources, except
the bulk white phosphorus (WP) sources were experimentally determined
during wind-tunncl trials at Dugway Proving Cround (Peterson, 1978).

The parameters for the bulk WP munitions (last four munitions in Table
3-2) approximate values obtailned by using CL profiles measured at short
distances from atatic-firings of the munitions in field tvials (DPC,
1978b) to develep the emission chavacteristies. The orieatation of the
submuaition patterns of the 133 mm hexacloroethane (HC) zmoke projectile,

and the 135 mm XMB2% WP smoke projectile are dependent on the flight

oYy
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i TABLE 3-1

Lo o SMOKE SOURCE MODEL INPUTS
i R A .
i - S8 Pr

" 3 Parameter Parameter Description ( rogram Default

) . Symbol ! Value
i - f; X, ¥, 2 Source coordinates (m)

3 ¥ MO Total mass before ignition (g) X

. S
'] MYF Munition yield fraction ‘
:5 YF¥ Yield fuctor accounting for the effects
s % of moisture in the air

g f@ﬂ‘ to Time of detonation (s) i

f s :

T S ty Total burn time (min)

% ; ICAT Type of smoke ' 1
& - A, B, C, D | Cocfficients of the source release rate !

‘g‘ o expression

. I $tandard deviation of the alongwind con~ !

? S X centration distribution at the source (m) !

b2 i
E i j %o Standard deviation of the crosswind con-

?ﬁ‘ N y centration distribution at the source (m)

F d o VSeandard deviation of the vertical con- :

¥- Z20 . ] . :

3 - Ccentration distribution at the source {(m)

£ 1 ,

: 371" Q' Ef fective rate of heat rclfase from quasi- |

1 ' # | N continuous sources (cal 377) ; 0
H A )

g S UIR Direceion ot the projectile flight with
¥: - resdect to grid north (degrees) ; 0
' TYPSMK Code mpecifying the type of smoke ' 0
% ! _ - { U — - e
. .
§i :

]

i
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direction of the projectile before impact. The characteristic submuni-
tion impact pattern for the 155 mm HC projectile, which contains 3-=MI
and 1-M2 canisters, is shown in Table 3-3(a) and the characteristic
pattern and other source characteristics for the 155 mm XM825 WP pro-
jectile are given in Table 3-3(b) (see Carter, Dumbauld and Rafferty,
1979 for the basis of these patterns). Ia the AMSORB program, the user
specifies the ground impact centroid location of the submunition pattern
and the direction of the projectile flight {measured clockwise from
north). The program automatically calculates the coordinates of each
submunition based on the angle ¢ in Table 3-3 that a line joining the
submunition position and the centroid of the pattern makes with the

direction of the projectile flight, using the distance between the

impact centroid location and the submunition also given in Table 3-3.

The HC munition produces clemental zinc which, in contact with
moi{sture {n the air, produces the obscuring agent, hydrated zine chloride.
Similarly, the phosphiorus emitted by WP and RP wunitions produces phos-
phoric acid. 1n the program, the yield factor YF accouriing for the
production of these materials is linearily i{nterpolated from the tabular
values of Y w29 a funciion of relative humidirty given in Taule 3-4.

The empirical values of the yield factors for wi and RP were obtained
from a bugway Proving Ground Report (DPC, 1978a) and those for HC muni-
tions from the report by Petersen (19/8). The relative humidity wea-
sured at the surfdce weather station nearest the source location is used

in the caleulation of YF,

3.2 EXPLOSIVE MUNITION SOURCE CHARACTERISTICS

The explosion of an artillery projectile uvr detonation of a
mine produces dust clouds from the dust and debeiz lofeed iuro the
atmospherce by the farce of the explosion. The amount of dust produced
degends on the sizge and type of aunition, the height of the detonation,

the thickacas of vepgetative cover and the type of soil. A completely

12




TABLE 3-3

SUBMUNITION IMPACT PATTERNS

(a) 1Impact Pattern of submunitions for the 155mm HC Smoke Projectile

a
]

Distance to Pattern

el Y
Canister/submunition (degrees) Centroid (m)
ML 348.1 36.41
ML 15.9 13.65
M2 180.0 5.62
ML 175.0 43.29

(b) Impact Pattern of submunitions, total mass of submunition hefore
ignition (M ) and source dimension (Uo) for the 155mm XM825 WP Wedge
[

M g, ¢a Distance to Pattern
Submunition (@) (m) (degrees) Centroid (m)
1 261 10.5 180.0 120.0
2 349 14.0 175.9 105.3
3 5273 20,9 175.2 90.3
4 323 20.9 174.3 75.4
5 610 24,4 166.0 61.8
6 647 27.9 170.5 45.6
? 697 7.9 166 .0 30.9
] 647 27.9 133.4 l6.8
9 610 24.4 0.0 0.0
10 610 244 0.0 15.0
1! 010 24.4 0.0 30.0
12 523 20.9 350.5 45.9
13 323 29,9 152.9 60.5
14 43b 17.4 358.7 76.5
13 4130 17.4 350.5 91.2
16 53 20.9 347.9 107.4
17 4% 17.4 346.0 133.7
a 7 is the angle that a line joining the subsunition and centroid of

the patfern takes with the divection of flight of rhe projecrile.
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TABLE 3-4

YIELD FACTORS FOR WP, RP AND HC SMOKE SOURCES

USED IN THE PROGRAM

Relative WP and "
Humidity RP
(percent) Sources sources
0 3.42 2.09
5 3.42 2.09
10 3.57 2.50
20 3.87 2.98
30 4.17 3.34
“0 4.46 3.57
30 4.76 .90
60 5.06 4.29
70 5.36 4.86
80 >.66 5.6
100 .66 5.63




satisfactory theoretical description of ali aspects of an exploding
munition has not been developed. However, empirical relationships
describing the initial dust cloud produced in an explosion have beea
developed principally by Ebersole, et al. (1979) and Zirkind (1979) from
data measured during field trials at Dugway, Utah (DPG, 1978c), Fort

Sill, Oklahoma (PG, 1978d), White Sands, Mew Mexico (lindberg, 1979)

and Grafenwohr, Cermany (Lundien, 1979). The inputs requived to develoy
the source parameters for the dispersion model are described in Table 3-5.
The only quantities the user needs to input, however, are the source
coordinate, the time of detonation, the munition type, the soil type and

the sod depth.

The amouut of dust avallable for formation uf a dust cloud is
produced from the dust and debris propelled into the air by the c.plo-
sion. The mass of dust lofted {nto the atmosphere and remaining air-

borne is given by

MD = npSVC (3-1)

whete Py i3 the soil density and vc is the crater volume. The term n {n
tquation (3-1) is an efficiency factor for soil suspension in the atmo -
sphere and is considered by Ebersele, et. al.(1979) to be about 0.10 for
common suils. The majortey of the experimental evidence indicates the
dust produced in the detonation is partitioned inte a buoyaat Jdust ¢loud
and a noabuovyant dust skirve. The amownt of mazs Mi' found ia the
buoyant ¢ioud and the amount of mass M, ta the nonbuoyant dust skire are

glvent by
by = ’2
M H‘i”’b (3-2)

whete CThe values of L‘:i were eatimated by Zigkind (1979) to be

0.90 1 = 1; buoyant zloud
g, = (3-3)

G.10 { = 2, poahuoyant Jdust akict

P



TABLE 3-5

SOURCE INPUTS FOR THE EXPLOSIVE MUNITION

SOURCE MODEL

rarameter

Paramecer Definition

Program Default

Symbol Value
¥, S Scurce coordinates {m)
to Time of detonation (s)
ITYPE Type of explosive munition 5
A Equivalent charge weight of TINT (kg) 6.98
f Fraction of energy available for crater
formation 0.6
dD Detonation depth above or below the
surface (m) 0
8 %y Coefficients for determining the average 0.503, -0.954
az, a3, scalr? crater radius 0.450, 1.1%
b, b, e L
o 1 voefricients for determining the average 0.251, -1.17,
bz, b3, bA scaled crater depth U.494, 4.72, 3.34
P, Soil density (g cm—3) 1.5
dS Sod or vegetation cover depth .m) 4
ISOLTP Soil type describing the soil texture and 4

consistency

76




Studies by Ebersole, et al. (1979) showed that vegetative cover
or sod depth dS reduces the crater volume. They found that the crater

volume for an explosive munition detonation could be expressed as

2rr 2d 3d 1 d 2
c ¢

\Y) = —_— l_—__s. 1 - - ._§.
3 2d 3 d
c ~

“

where r, is the crater radius and dC is the crater depth. The crater
radius and crater depth are given in terms of a scaled crater radius ;?

and a scaled crater depth Ec according to

and

The effective energy W avallable for crater formation is found by

t
reducing the available energy W from the explosive charge in equiva-
lent kilograms of TNT by some fraction f accocding to

W= fW

A table of f values determined by Ebersole, et al. are given in Table
3-6 as a fun~tion of type of charge and detonation depth »bLove or below
the surfacé of the soil. A negative depth indicates the detonation
occurred beneath the surface ¢f the soil. The available energy w' in
equivalent kilograms of TNT of the exploding munition required in
Equation (3-7) is given in Table 3-7 for various munitions., The density
of the soil is used in Equation (31) to determine the mass of airborne
dust., The soll density depends on soil type and a table of various soil
types and densities is given in Table 3-8. The scaled crater Jdimensicns
in Equations (3-5) and (3-6) also depend on soil type. The empirical

17
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TABLE 3-6

FRACTION OF ENERGY AVAILABLE FOR CRATER FORMATION

Hetonation Fraction of Encergy| Detonation ‘
R Available for Depth d bescription
type Craterv Formation, f (m)
1 0.6 0 Live fire tilted at 30 degrees
2 0.6 a Horfzontal live fire
3 0.8 -0.3 Live fire tilted at 30 degrees
4 1.0 ~-0.6 Live {ire tilted at 30 degrees
5 1.0 0 Static bare charge
6 1.0 -0.3 Static bare charge
7 0.6 0.3 Live fire
18 - - User entered bare charge
20 - - User entered artiliery
projectile
TABLE 3-7

WEAPON TYPE AND EQUIVALENT WEIGHT OF TNT

(BASED ON INFORMATION CONTAINED IN DEPARTMENT OF THE

ARMY FIELD MANUAL FM9-13)

Weapon
Index

‘ Weapon
Description

Equivalent Charge
Weight of TNT, W'
(kg)

[-ATENN V. R < T ¥ I S R S

20

81 mm mortar
4.2 in mortar
120 mm tank gun
105 mm rank HEP
155 mn artillery

8 in artillery

User ertered type

1.95
3.70
4.79
3.06
6.98
16.63

-
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TABLE 3-8
SOIL DENSITIES

Soil Category | Soil De?sicy Descrintion
(g em )

1 2.4 Rock

2 2.0 Clay or dry cohesive soils

3 0.7 Dry sandy soils

4 1.5 Loam, sandy scil and frozen ground

5 2.0 Soft rock

6 1.8 Wet sand, wet loam or ice

7 1.8 Wet cohesive soils (not satuvated)

and snow
10 - User entered soil type
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relationship developed by Ebersole, et al. (1979) from the field data
for the scaled crater radius is

A+ adl+al
c 2'¢c

r =a + (3-8)

c o “l
and for the scaled crater depth is

) 2, ., .0 4 .
d_ = b+ DA+ b,A T H b b A (3-9)

where

- d -
A, = DA1/3 (3-10)

The term dD in Equation (3-10) is the detonation depth in meters abeove
or below the surface and can be obtained from Table 3-6 based on the
detonation type. The polynomial coefficients used in Equations (3-8)

and (3-9) are given in Table 3-9 for the soil categories in Table 3-8.

The dispersion models require the initial dimensions of the
buoyant and nonbuoyant dust clouds produced by the explosion and also
require the energy available for buoyant plume rise. The inftial radius
of the buoyant dust cloud at aerodynamic equilibrium (approximately 20~
30 milliseconds after detonation) is used to determine initial source
dimensions. This buoyant cloud radius in meters is given by (after
Ebersole, et al., 1979)

- 1/3 1/3
R, 2.0 W (po/oA) (3-11)

where DA is the air density in grams per cubic meter and Do is

1225 ¢ =3, The height of the centroid of the buoyant cloud deperds
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TABLE 3-9

COEFTFICIENTS USED IN DETERMINING AVERAGE SCALED CRATER DIMENSIONS
(after Ebersole, ct al, 1979)

(a) Coefficients for Average Scaled Crater Radius
|‘. o
T ._ Coefficients {
sofl . 2 3 ) 3
Category
1, 2 0.271 -0.684 0.390 0.886
3 0.386 -0.849 0.367 0.993
4 0.5G3 ~0.954 0.450 1.19
5, 6 0.629 -1.08 0.264 1.12
| 7 0.806 -1.28 -0.178 0.852

(b) Coefficients for Average Scaled Crater Depth

<
Coefficients
“oil \ ®0 ®) b, by %,
Category “x\\\
-
1 0.117 -0.427 0.270 1.84 1.05
2 0.134 .571 0.343 2,24 1.31
3, 5 0.189 ~0.840 0.447 3.30 2.10
4 0.25! -1.17 0.494 4.72 3.34
b 0.331 -1.49 0.579 4.92 3.13
7 0.449 -1.82 0.322 4.11 2.02
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on the type of charge used and is higher for bare charges than for
artillery projectiles. Experimental observations by Ebersole, et al.
(1979) of dust clouds produced by explosive munitions indicated that the

initial height H of the cloud centroid is

SRO; bare charges detonated at the surface
H(t=0) = (3-12)
RO; artillery projectiles.

where t equal to zero is the detonation time. For bare charges detonated
beneath the surface, the height is given by Ro. The height of the cen-

troid of the nonbuoyant dust cloud is assumed to be zero. The initial

standard deviations of the two dust clouds are given in terms of the

initial buoyant cloud radius as

\
o =o9g =g =R /2.15; buoyant cloud
X0 yo z0 o
g =g = 1.155R ¢ (3-13)
X0 yo o
; nonbuoyant dust skirt
o = .93 R
20 o / J
since rhe dust skirt is assumed to be a cylinder of height and radius
equal to ZRO. Finally, the energy in calories available for plume rise
is given as
1
Q = kv (3-14)

where k = l.lxlo6 calories per kilogram of TNT.
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3.3 MOVING VEHICLE SOURCE CHARACTERISTICS

A moving vehicle can generate dust through the interaction

of the wheels or track with the ground. The dust produced is generally

small particles less than 100 m in diameter. The inputs requivred to
develop the source parameters are listed in Table 3-~10. The only quan-
tities the user needs to input, however, are the vehicle location prior
to moving (for example, the grid boundary for a vehicle entering the
grid), the initial start time of vehf 'le movement, the total time of
travel, a code specifying the vehicie type, a code specifying the soil
rype, the dirvection of travel of the vehicle with respect to grid north

and the speed of travel.

Some work has been done by various agencies to determine the
amount of dust produced by a moving vehicle. However, Jdust generation
depends on a wide varlety of factors which have not been accurately
wodeled.,  The source model in AMSORB is based on the wurrently approved
EPA model devéloped by Midwest Rescarch Tnstitute, which gives rhe
yearly average emission rate E in grams per vehicle meter as (Mann and

Cowherd, 1977)

1

Ve \/N\/365 - N
E o= 0.2283 S -~)()(~——-—L> (3-15)
13.40/\ /N 365

where SC is the silt content of the surface soil in, rcent (percentage
of the weight {n particles whose diameters are less thoa 75 ym), Vt

is the vehicle speed (n s-l), N' {5 the number of whevle on the

vehicle and Np is the nuiber of days during the year when precipita-
tion exceeds 0,025 cm (0.0% in). Since the user of AMSORB is not inter-
ested {n averape emigsion rates, but requivres current emigsion rates, we

suggest Np be set e¢qual to 0 for dry soil and to 363 for wet soil.

The silt contents as a funetion of soil type ave listed ia
Table 3-11 and were assigned based on work veported by Cowherd and
83




TABLE 3-10
SOURCE INPUTS FOR THE MOVING VEHICLE SOURCE MODEL

f
| Parameter Program Default
arameter De
Symbol Parameter Description Value
X, Y Starting coordinates of the moving source (m)
t Stare time of vehicle (s)
{
| t! Vehicle travel time (s) 4]
ITYPE Code specifying the type of vehicle
N' The number of wheels on the vehicle or a best
estimate for track vehicles 4
| ISOLTP Code specifying soil type 4
f S Silt content (percent of the weight of part-
: ¢ icles in the surface soil which have diameters
' less than 75 um) 25.7
!
1 6 Direction of travel with respect to grid north
: v (degrees) 0
VL Vehicle velocity (m 5—1) 13.41
' "1
; Vs Settling velocity of the soil particles (m s ) 0
1 W Number of days during the year with .025 cm
i P (.01 in) or wore precipitation 0
|
. uo Standard deviation of the spherical distribu-
i tion ol the cloud at the source (i) 0.93
S S -

B4




TABLE 3-11

SILT CONTENT OF SURFACE SOILS

L
PR,

e

O
- BT

R
e UL DS P

.

Suil
Category

~ . ————— e e - 4

l

~ Ot LW RS

10

S

Description

Sile goncent |
(7) L
0 Rock
95
18 Dry sandy
25.7
12,0 Soft rock
0 Wet sand,
0
and snow

Clay or dry cohesive soils

sofls

Loam, sandy soil and frozen ground

wet loam or ice

Wet cohesive soils (not saturated)

User entered soil type




Hendriks (1977) and Miller (1979). The emission iate depends on the
number of wheels per vehicle. A table of the vehicle types and their
aumber of wheels is given in Table 3-12. The number of wheels repre-
senting tracked vehicles were arbitrarily assigned. The dispersion

model for moving vehicles Is desceribed in Scection 2079079

3.4 MUZZLE BLAST SOURCE CHARACTERISTICS

The muzzle blast of a cannon or mortar can generate both dust
and combustion product particles which act as obscuriits on a battle-
field. Particulates are generated from the combustion products of the
propellant iv the gun after the gases have emerged from the gun tube,
This propellant cloud is largely water vapor formed by the oxidation of
hydrogen i{n the cloud, but also contains smaller amounts of carbon
particles as well as a few other gases. A dust cloud is also generated
by the ianteraction of the muzzle blast shock wave with the ground. The
ground i{s compressed and, as the rarefaction portion of the shock wave
passes, the surface layer of dust is propelled into the air. The
propellant cloud i{s formed almost instantly whereas the duat cloud
requires about & scconds to form and reach the same height aa the muzzle.
The propellant and dust clouds combine very quickly and therefore we
treal Chem as cone cloud. Only the particulate yicld of carbon from the
propellant combustion will be considered in cuas model, For the visible
wavelengths this 13 a fairvly good approximation, but there is mounting
evidence (Stuebing, et al.) that transmission in the infrared at 10.6 ,a

is affected to some extent by the NH, present in the eloud. This section

3
deseribes the source model used to develop parameters describing the
dust and smoke cloud formed by the muzzle blast of a caanon. The i{nputs
Aceded for the soutee model arve descrived in Table 3-13. However,

only the locagion ol the gun and height above ground of the muzzle, the
time of firiag, a weapon code =specifying the type of pun being fired and

a code specifying the =oll type around the gun are required unless the
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TABLE 3-12

. VEHICLE TYPES MODELED IN THZ VEHICLE MOVEMENT PRODUCED
DUST SOURCE MODEL

Vehicle : Vehicle Description [ Number C:f Wheels

Code . . N
[

1 i 1/4 ton Jeep 4
2 i 5/4 ton MBSO 4
3 2 1/2 ton truck 10
4 Dump truck 10
5 5 ton tractor 10
b 5 ton tractor with trailer 18
] APC 16%
& Tank 18%
20 User entered vehicle type -

*
Lstimated values tor track vehicles,
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TABLE 3-13

SOURCE INPUTS FOR THE MUZZLE BLAST
SOURCE MODEL

[ T e e e g e
Yaramete , Program Default
irameter Parameter Definition gram
Symbol Value
X, ¥ Source coordinates (m)
h Haight of muzzle above ground (m) 2
to Time of firing (s)
1TYPE Code specitfying the weapon type 3
Uf Muzzle blast flash diameter {m)
9 Standard deviaticn of the alorgwind con-
® centration distribution at the source (m) 8.07
g o Standard deviat ion of the crosswind con-
4 centration disctribution at the source (m) 2.03
Uzo Standard deviation of the vertical con-
centration distribution at the source (m) 2.03
Mc Mass of combustion produces formed {n the
combustion ot the propellant chavge In the
gun (2)
M Mass of soil propelled into the alr ()
a
1SOLTP Code specifyling the type of svil at the
weapon locatl fon 4
L ~3
} v Soil density (g cm ) 1.5
A R U
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,l',!

M

us: wishes to use a type of weapon not considered {n the input selec-

tion list.

The amount of smoke particulates and dust in the cloud can be

determined from the expression

M = M + M (3-17)
0 s C

where Ms is the mass of soil propelled into the air and Mc is the mass
of carbon particulates formed from the combustion products of the pro-
pellant in the gun. The mass of dust propelled into the air was calcu-
lated by using the assumption made by Cibson (1978) that the area of
soll affected by the muzzle blast is determined by the area of ground
intercepted by a spherical shock wave emanating from the muzzle and
striking the ground at an iucidence angle of AQ degrees. Glbson also
assumes that only 10Z ot the {irst millimeter of soil {n this area
becomes airborre. Thus, the mass of soil injected into air by the shock

wave is piven by

[2%2

{ h
M= 6.0001 -, \'*_”o“ (3-18)
tan(b6v )

>

wvhere Py ig the a0i{l densizy (g w ') 1ar % :5 rhe height of the

Pl

mu2zle bore hole abovi the pround {e).

e sl densley is oglven

ln Table 3-8 ax a function of = {1 type.

The particulate mass Mc ip Equation (3-17) iz determined by
assuming that the mazs of cvarbon in the propellant Iz converted Lo
particlens and the rest of the coautitusntys are emitled a3 vapor: thar do
fot coalesCe ot any particuelates affter emission. The grasms of cavbuen
forzed i{n eombuation of INT (according to Thompzon, L1979} ix 225 praes
of varboa per kilogram of TNT. The particulate mass fur Lhe di ffeeent

types of wedpons was obtained by detevmiaiag the amount of propellant
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used as an average load in the gun from the U. S. Army Field Mannual
M9-13. The mass of propellants containing nitrocellulose or nitro-
glycerin was converted to equivalent mass of TNT using a scaling factor
determined by comparing the energy available from the different types of
propellant powder to that of TNT. A table of mass of carbon particu-
lates by weapon type is given in Table 3-14. The size of the initial
cloud can be determined from che dimension of the flash diameter Df,

according to Gibson (1978), by the following relationships:

1
0yo = g-Df
0 = g

20 yo
U ° 30yo

[{ the dimensiona of the flash in length Lf ard wideh wf are kpown, then
the standard deviation of the congeutration at the snurce can be deter-

mined from

1
v = - W
yo 6 f
Yo = Gyo
1
Yeo ” N [f
H

and these values can be input to the progr:m instead of Df.

3.5 BURNING BRUSH/VECETATION SCURCE CHARAUTERISTICS

Bruszh oy vegetation can be ignired by explosions or iancendiary

sunitions and the aubsequent zmoke produced o rhe combustion can sub-

90
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TP A s ey

TABLE 3-14

ESTIMATED PARTICULATE MASS PRODUCED FROM COMBUSTION

OF PROPELLANT IN A WEAPON

Weapon Type

Mass of Carbon

wt i
Descr {ption Particulate, M; (g)

[« N V. T ™ S g

20

81 mm mortar 14.8
4.2 in mortarx 47.9
120 mm tankgun 1391
105 mm tank HEP 298.7
155 mm artillery 1468

8 in artillery 3080

User e:.:terad type -
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stantially degrade visibility. The particulates emitted from burning
vegetation depend at a minimum on the amount and kind of vegetation
preseant, the moisture content, local meteorological conditions and the
availability of oxygen. Table 3-15 gives the inputs used in the AMSORB
burning vegetation source model. However, oanly the location of the
centroid of the burning brush, the time combustion starts, a code
specifying the type of regional vegetation involved, and the area
fuvolved in the burning need to be specified for the model since the

program will automatically assign values to cther required parameters from

uata tables contained in the program.

The amount of particulate matter emitted by the fire over its
entire burn time is given approximately by the following relationship

used by the Environmental Protection Agency (Vatavuk and Yamate, 1975):

Mo = P . Qf + A (3-22)

where A is the area of the fire, Qf is the fuel loading of vegetation
and P is the particulate yield. The particulate yleld for most fires
varies between lU and 90 g/kg of fuel consumed according to Comez,

et al. (1979) and Eccleston, et al. (1974). Thus, an average value for

brush and gr4 ; fires of
P = 18 g/kg of fuel {3-23)

{5 used in the computer program., The average fuel loadings by regions
of the country are presented in Table 3-16 and are the same as those

t
used by Vatavuk and Yamate. The ¢ffeetive heat release rate Qc (cal s'l)

cmitted by the fire is given as

- 1,/60 (3-24)




TABLE 3-15

SOURCE INPUTS FOR THE BURNING BRUSH/VEGETATION

SOURCE MODEL

Parameter Program
Symbol Parameter Description Default Value
X, ¥ Source coordinates of the centroid of the
burning vegetation (m)
€, Time combustion starts (s)

MYF Yield fraction indicating the amount of 1.0
combustion mass which remains airborne as
obscuriag particles

g Total burn time (min)

A,B,C,D Coefficients of the source release rate 1.0,v,0,0

expression

Oxo Standard deviation of the alongwind concen- 2.89

tration distribution at the source (m)

Oa Standard deviation of the crosswind concen- 2.89
ye tration distribution at the scurce (m)

90 Standard deviation of the vertical concen- 2.89
’ tration distribution at the source (m)

1TYPRC Code specifying :he type of region and i}
indicacing the type of vegetation present
Qf Estimated fuel loading (kg m-é) 6.7
[f Average fuel loading corrvesponding to the 0.8
burn rate RB (kg w"<)

EB Burn rate (m2 min-l) 140
p Pollutant yield from the fire/grams of 18
particulate emitted per kilogram of fuel

consumed

HE Heat released by the cowbusion of the 3.93106

particular fuel (cal kg™-)

AT Arvea of the burning vegetation for rotal 100

burn (mz)
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TABLE 3-16
ESTIMATED AVERAGE FUEL LOADINGS
(after Vatavuk and Yamate, 19/5)
. Estimated Average
Code | Area or Reglon Fuel Loadin[é, 2
- £
(kg m ")
1 Rocky Mountain Group 8.3
\ 2 Region 1: Northern 13.5
: 3 Region 2: Rocky Mountain 6.7
LB 4 Region 3: Southwestern 2.2
i 8 5 Region 4: Intermouatain 4.0
; - -
6 Pacific CGroup 4.3
g‘ .. D L —mm———— e ——- S VPN
i 7 Region 5: California 4.0
. 8 8 Reglon 6: Pacific Novthwest 13.5
{3 9 Region 10: Alaska 3.6
10 Coasta’ 13.5
11 Interior 2.5
12 Southern Croup 2.0
——————————— P o e e e 2 e e o e o e e e e o v o
13 Region 8: Southern 2.0
r*—*‘-—v—‘—""“’“\["""*—“""" —
l4 fastern Croup 2.5
15 Norcth Central Croup 2.5
16 Region 9: Conifers 2.2
17 Hardwoods 2.7
5 SR - ~
20 User entered type -
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where HE is the heat emitted (cal kg-l), Ry 1s the burn rate (mzmin—l),
Qf is the average fuel loading of the burning vegetation and the factor
of 60 {s included to convert to seconds. If the heat released is not
input by the program user, the program uses a standard value for pine

wood and dry grass given by Gomez, et al. (1979) as

“E = 3.9 x 106 cal/kg of fuel consumed (3-25)

The burn rate RB in Equation (3-24) is determined from

R. = R _— (3-26)

g~ Rp
Le

where If is an average fuel loading for the vegetation and ﬁg {s the
measured average burn rate for an average fuel loading lf. The AMSORB
program uses values of 140m2 mln“l and 0.8 kg m-2 respectively for
based on measurements reported by Daniels, et al., (1975).

RB and if

The burn time in minutes can be determined from the expression

-

ty = AT/RB (3-27)

where A_ ls the total area of vegetation involved in the combustion.

T
When the standavd deviations of the alongwind, crosswind and vertical
concentration distributions at the source are not ianput by the user, the

program determines those values according te the following velatioaship

L /Rt,l'ﬁ) {3-28)

assusing that a uniform distribution of vegetation exists over the entirve

burn area.
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3.6 BURNING BUILDING SOURCE CHARACTERISTICS

The AMSORB program uses an approach to define source character-
istics for burning buildings similar to the approach used for burning
vegetation described in Section 3.5 above. Table 3-17 describes the
inputs used in the burning bullding source model. However, only the
location of the centroid of the burning building, the time combustion
starts, the building height, the area of the building and the mass of

combustibles involved need be input since the program will automatically

assign values to the other parameters based on the data tables present

in the program.

The amount of particulate matter emitted by the fire over its
entire burn time is calculated using Equation (3-22). In this application
for burning bufldings, AT is the area of the building, Ef is the fuel
loading in the building and P is the particulate yield. The effective
heat release rate Qé in calories per second emitted by the fire is
found using Equation (3-24). If the heat released is not input, the pro-
gram uses the value for pine wood and dry grass (see Equation (3-25) ).
The burn rate used to determine the heat release rate as well zs the
burn time is given by Equation (3-26). The burn time for the building
is glven by Equation (3-27). The standard deviations of the alongwind,
crosswind and vertical concentration distributions at the source can be
input. Il they are not, the program defines the alongwind and crosswind
standard devistion from the expression

1/2

o * o al S (3-29)
X0 yo s

whete AT iz the building area. The vertical standard deviation at the

source for a building of height hb i3 given by

020 ® . (3-30)
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TABLE 3-17

SOURCE INPUTS FOR THE BURNING BUILDING SOURCE MODEL

—
Parameter Parameter Description Program Default
Symbol Value
Ky Y Source coordinates of the centroid of
the building {m)
MYF Yield fraction indicating the 1.0
amount of combustion mass which remains
alrborne as obscuring particles
hB Building height /m) 2.0
M Mass of combustible material in the
0 building (kg)
A, B, C, D Coefficients of the source release rate 1.0, 0, 0,0
expression
S0 Standard deviation of the alongwind con- 0.631
centration distribution at the source (m)
0 Standard deviation of the crosswind con- 0.631
yo . . .
centration distribution the source (m)
Yo Standard deviation of the vertical con- 1.15
centration distribuation at the source (m)
ii Escimared fuel loading in the building 20.0
(kg m 7)
A Ef Average fuel loading for the burn rate 0.8
Ry (kg w™2)
TEERE ig Burn rate for_the gverape fuel loading 140
g . specified by 1. (m min %)
A_; 5}\5 P Pollutant yield from the fire (grams of 18.0
kS8 particulate emitted per kilogram of
"o fuel consumed
K- " 6
. ‘ Hy Heat released by the combustion of the 3.9 x 10
‘ : pagticulay fuel (eal kg™ %)
é 2
; Ay Area of the burning building (u) 375
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¥ 3.7 SQURCE CHARACTERISTICS FOR BURNING VEHICLE
';f' jéé‘ Table 3-18 lists the general source inputs required for a burn-

ing vehicle as well as the default parameter values entered in the con-

b :j' puter program. The default values are based on data for a burning

"&f‘ automobile obtained by Comnez, et al, (1979). The inputs in Table 3-18
‘ are those required by the quasi-continuous source model because it is
assumed that the total vehicle burp timz is on the order o 10 minutes
' - or longer. if the program user has source input pavameter values for a

burning vehlcle that are more appropriate than the default values, they

S can he entered in the program and used in the diffusion model calculations.

The default values listed in Table 3-18 reflect the detaiis of

;; the data obtained by Gomez, et al. (1979) for a burning automobile. For
example, the fraction MYF has been set equal to 1.0 because only the
total airborne mass of particulates was measured. Also, the default
vitlues assigned to the coetftficlents of the expressions for the source
release rate (A=1.0; B, C, D=0) reflect the assumption of a constant

release rate for the total turn time of 45 minutes. The default value

azsigned to the standard deviations of the concentration distributions
- of the source were all set equal to 0.866 meters under the assumption

that the horizontal and vertical cloud dimensions were 3 meters.

3 t 3.8 USER-SPECIFLED SOURCE MOBELS AND INPUTS

Provision has been made in the SORDAT routine of AMSORB for

- user-specified source models which can be applied to both instantaneous
i and quasi-continuous sourees. Table 3-19 lists the requisite source

parameters which must bhe Input by the user.
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TABLE 3-18

SOURCE INPUTS FOR BURNING VEHICLE

Pérameter Parameter Definition | Program Default
Symbol Value
X, ¥ Source coordinates (m)
to Time combustion starts (s)
Mo Total mass of particulates 900
emitted by the burning
vehicle (g)
MYF Fraction of Mc which becomes 1.0
airborne
tR Total burn time {(min) 45
A,B,C,D Coefficients of the source release 1.0, 0, 0,
rate expression
X0 Standard deviaticn of the along- 0.866
wind concentration distribution
at the source (m)
o Standard deviation of the cross- 0.866
y wind concentration distribution
at the source (m)
20 Standard deviation of the ver- 0.866
tical concentration distribution
at the source (m)
Q' Effective rate of heat release 667

from the burning vehicle
(cal s=1)
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TABLE 3-19
INPUTS FOR USER SPECIFIED SOURCE MODELS

Parameter ' R
. | Parameter Description
Symbol !
| - e A AU pa— e t—
|
X, ¥, 2 Source coordinates (m)
MO Total mass before ignition (g)
MYF Source yleld fraction
to [nitfal source release time (s)
tB Total burn time (min)
A, B, C,D Coefficients of the source release rate
expression
Oxo Standard deviation of tlie alongwind concentra-
tion distribution at the source (m)
o o Standard deviation of the crosswind concentra-
y tiow distribution at the source (m)
oZO Standard deviation of the vertical concentra-
tion distribution at the source (m)
Qi Toral heal released from instantaneous sources
(cal)
Q' Effective rdate ol heat release trom quasi-
¢ cont inuous sources (cal 5“1)
TYPSMK Code identifying type of obseurant (l, 2, 1)

100




.

FETRURROR LTINS U

1
s
)
]
i
i
I
3
s

R

T

Obscuration calculations requive attenuation coetfficients and
Mie scattering coefficlients which depend on the type of obscurant. Th.
. user must therefore enter a parametey value for the type of obscurant,
5 denoted by the code identification TYPSMK, in the program. A value of
' 1 for TYP3MK refers to HC smoke and a value of 2 vefers to WP smoke.
The program data base contains values of attenuation coefficlents, Mie
scattering fractioms and the yield fractions YF for each of these ob-
scurants. A value of 3 entered for TYPSMK specifies a user-sperifi
obscurant and the user must input appropriate attenuation coefficient :
and Mie scattering fractions. Because no relative humidity yleld .ractions
can be entered in the program for user-specified obscurants, the srogram
assumes that the yield factor YF, accounting for the effects of moisture,

is unity.
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SECTION 4
AMSORB MODEL ROUTINES

The computer program AMSORB consists of a number of separate
routines, each of which contributes directly or indirectly to a battle-
field environment solution. This section describes these routines and
defines the basic model parameters contained in the routines. Section
4.1 describes the Mixing-Layer Analysis Routine (MIXLYR) that utilizes
rawinsonde, USAF-CWC wind and temperature data, and surface meteorological
data contained in mass storage data base files to calculate initializa-
tion parameters required by the Mesoscale Wind-Field Model. The Battle-
field Source Characteristics Routine (SORDAT), described in Section 4.2,
processes user-provided battlefield source input data to generate a data
base file containing source locations and source characteristics. The
input parareters required by the various dispersion models are discussed
in Section 4.2. The dispersion routines use surface meteorological data
and mixing-layer parameters provided by the Mesoscale Wind-Field Model
as divect inputs, and source data from user-provided inputs. Section
4.4 discusses the Obscuration Model and required model input parameters.
The Battlefield Environment Routine (BEC) described in Secton 4.5 uses
the battlefield source location and characteristics data base file gener-
ated by SORDAT and meteorological parameters generated by the Mesoscale
Wind-Field Model.

4.1 MIXING-LAYER ANALYSIS ROUTINE

The Mixing-Layer Analysis Routine employs a i1elatively simple
approach in utilizing the various types of data avallable from the AMSORB
mass storage data base to calculate initialization parameters for the
Mesoscale Wind-Field Model. The decision to use a simple approach was

made so that the effects of loglc decisions on the derived parameters
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could be easily traced and analyzed. The Mixing-Layer Analysis Routine
is thus designed to perform a modified "single-station analysis" rather
than a more complex analysis of the pressure, wind and temperature
fields over the entire region of interest. [t should also be noted that
some of the logic decisions made in accepting, rejecting and analyzing
the data are somewhat arbitrary. Where possible, we have attempted to
study the effects of the vaiious decision processes. However, until the
routine is used to predict dosage and concentration fields under a wide
variety of meteorological conditions, the full implications of many of

the decision processes cannot be determined.

Key features of the Mixing-Layer Analysis Routine (MIXLYR) are
shown in the schematic logic diagram of Figure 4-1. The key features

aie;

) Rawinsonde data from the closest station with a radius ot
less than 100 kilometers from the releasce point and less
than three-hours old at the time of request are used
without modification to obtain estimates of the input

parameters to the Mesoscale Wind-Field Model

. Rawinsonde data measured at the closest station less tnan
100 kilometers from the release point, yreater than
three~tours old and less than twelve-hours old are sub-
ject to modification using (WC-predicted and surface

vinds and temperatures

. Climatological estimates of mixing-layer depths and
surface wind speeds are used as inputs if all rawinsonde
data are more than twelve- hours old or {f there are no
stations within a 100 kilometer radius of the release

poiat
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FICURE 4-1.

oseale Wind-victd Medel.,

CALL
MIXING-
LAYER ANAL-
SIS ROU-
TINE

L

SET MAXIMUM TIME
3 HOURS

! MAX

Schomatie diavram iIluctratine nprocedures for obtaining {nrnts
Lo the Mes

CALL RAWIN OBS
INVENTORY STARTING
WITH MOST CURRENT
\ DATA BLOCK

s
DATA

NO OLDER

]
DEFINE LIS
OF STATIONY

<100 WM
FROM RELEASE

ARE
THERE
STATIONS

Y ES

THAN
T

MAX

RESET 1 MAX 12
HOURS AND INITIATE
AT MOST CURRENT
DATA BLOCK

* [
/I’S\
g UATA SET
X NO
OLDER FLAG
THAN 12 1
HOURS N
-
YIS TURN
et B LAG
1 OFF
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ORDER STATIONS
BY INCREASING
DISTANCE

SET STATION
IN USE FLAG

r
FLAG1

NO

SET

CALL GWC OBS INVEN-
TORY STARTING WITH
MOST CURRENT
DATA BLOCK

b

DEFINE LIST OF GWC
STATIONS < 10¢ KM
FROM RTLEASE

4

ORDER STATIONS BY
INCREASING DISTANCE

]

INCREMENT STATION

INDEX
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THERE A

STATION

DETERMINE MOST RECENT GWC
BASE TIME AT THIS STATION

IS
THERE GWC
WBS FOR

BASE
TIME

IS
THERE

GwW(C
DATA FOR 1000,

850 AND 700 MB
FOR RELEASE
TIME

is
THERE
RAWIN
DATA AT SUR-
PACE, 550
AND 700
MB
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St ataols v e e e SRSERS

DOES

BLOCK
F\VE DATA
< 3 HOURS
OLD

DEFINE LIST OF SURFACE
STATIONS <50 KM
FROM RELEASE POINT

ORDER STATIONS BY
INCREASING DIS-
TANCE FROM SOURCE

b

ab.

INCREMENT
STATION INDEX

IS
LIST EX-

HAUSYT -
®D

DECREMENT TIME INDEX
STARTING WITH MOST CUR-
RENT TIME FOR STATION INDEX
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Gt

SELECT GWC DATA
N f
AT 700 MB (1 700)
AND RAWIN DATA
AT 700 M3

\

0 N =7 -
FORM A’1700 ’1700 T700

YIS

AT >
IF & 1700 0
SET LG22

\

REPLACE 1700 BY 1700
AND RAWIN WINDS

BY GWC WINDS

SET

T A m—T YR g

READ SURPACE OBS INVEN-
TORY STARTING WITH MOST
CURRENT DATA BLOCK
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NO

IS
THERE
PRESS,
TEMP
DATA

DEFINE AP = Py - P
WHERE Py = SI'C STA-
TION PRESSURE, P~
RAWIN SFC PRESSURE

REPLACE RAWIN SFC
TEMP WITH STAT TEMP
T4, REFLACE WINDS

AT SURPACE
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IF
YES
[ > FLG
4
NO
] SELECT GWC
N TEMP AT 850
) MB (Tys0) AND
A '4 ’l‘S
E] j
4 4
l FORM ATy,
e = Tygo - Ty
v h¥
i
£
| 4
IF A Tig > 0, SELECT RAWIN TEMP
SET FLG3-3 AT 850 MB Tyg, AND

T, FORM
-3’1‘550 = Tsso - II.S

: 2 ’

REPLACE RAWIN
TEMP AT 350 Mi
Tygpo WITH TJg.

,_ REPLACE RAWIN
WINDS AT 850 MB
. WITH GWC WINDS
o AT 850 MB
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YLES

- REMOVE ALL LEVELS OF
RAWIN TEMPS AND WINDS
BELOW 799 MB EXCEPT
SURFACE AND 850 MB

. .
© :

. -

. ] "
. .

.. | y_
| REMOVE ALL

o LEVELS OF
. RAWIN TEMPS
\ AND WINDS

FROM 799 T0
T01 MR

1
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T e

IF
RAWIN

> 6 HOURS

OLD AND

850 MB AND
SIFFC NOT

MODI-

FIED

SELECT SFC
WINDS FOR
LAYER WINDS

ANALYZE BAWIN FOR
MIXING LAYER DEPTH,
MEAN LAYER WIND COM-
PONENTS, AND REDUCED
GRAVITY FACTOR

CLIMATOLOGICAL
DEFAULT VALUES
OF MIKXING
LAYER DEPTH

INPUTS FOR

MESOSCALE
MODEL
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. Climatological estimates are also used if the rawinsonde
data are more than six-hours old and the rawinsonde
surface temperature and 850-millibar temperatures have

. not been modified because GWC and surface data are either

unavailable or inadequate

. GWC data are used to modify the rawinsonde temperatures
and winds at the 700- and 850-millibar levels; rawinsonde
temperatures and winds at the 700-millibar level are
replaced by the GWC-predicted temperature for that level
if the GWC-predicted temperature for the hour of interest

is within 5 degrees Celsius; rawinsonde temperatures and

winds at 850 wmillibars are replaced if the temperature
from the reporting surface station nearest the time and
point of release i{s within 5 degrees Celsius of tne CW(-
predicted temperature at the 850 millibar level for the

hours of interest

. Surface temperature and wind data from the closest
station less than 50 kilometers from the release point,
less than three-hours old, and with a surface pressure
from the rawinsonde observation, are used to modify the
surface rawinsonde observation when it i{s movre than

three-hours old

o Surface wind speeds from the closest station to the point
of release are used as default values for the mean-layer

wind speed 1f the rawinsonde data are not analyzed

Climatological estimates of the mixing-layer depth shown in Table 4«1
are uysed as defauvit valuwes vhere the rawinsoude date are not available
or are not analyzed. These estimates of the median mixing depths as a

funetion of month and time-of-day are based on the work of Norton aad
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Hoidale (1975), who analyzed 8,236 rawinsonde observations made at WSMR
between 1961 and 1972 using the technique described by Holzworth (1967).

- e shown {n Figure 4-1, the rawinsonde data are analyzed to
determine the mixing-laver depth, mean-layer wind direction and speed and

. reduced gravity factor. In developing an automated procedure for deter-
mining the mixing-layer depth, we evaluated four methods for establishiung
that a surface-based or clevated inversion was indicated by the rawinsonde
observations. The simple criteria associated with the four methods for

determining the bose of an inversion were:

Method Criterla
AP
= >
1 s .0l
AT
2 Az > 0
AON
— (
3 Az — )
AT
4 ‘*A'Z » =5x107
where
P A .
e lapse rate of poteatial temperature
At : . )
- = lap+de Pate of fempotature
Az
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7§E- = lapse rate of wet-bulb potential temperatur-z
Z

AT

—— = lapse rate of virtual temperature

Az

The MIXLYR routine, which incorporates these criteria, was used to
analyze twice-daily rawinsonde observations from Salt Lake City, Utah,
for the first five days of each month during the period June 1972 through
May 1973 and for sll the month of January 1973. The heights of the

bases of stable lavers obtained from the routine were then qualitatively
compared with those selected by meteorologists from the plots of the
data. All the criteria produced bases of stable layers in agreement
with those selected by the meteorologists for cases in which clearly-

defined stable layers were present. In our view, however, the criterion

based on the lapse rate of virtual temperature (Method 4) performed more
consistently than the other criteria when stable layers were not as
clearly defined and for all seasons of the year. For this reason, the

procedure finally used in the routine is based on this criterion.

The routine accepts the raw or modified rawvinsonde data and

begins the selection process by checking

v,n v,n+l lv,u (4-1)

Az zZ -
n A n+l zn

in the first height interval above the surface. If the criterion for

the base of a stable layer is met (e.g., if ATv,l / Azl 3»-5x10-$) and the
height intervar Az 1is greater than or equal to 100 meters, the routine
defines a surface-based inversion and sets, by default, the surface mixing

deptn to 30 meters, 1f Azl is less than 100 metors but ATV l/Azl>—5x10-6,
, Z
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ST s ! ~

N/
the routine then checks 4T [Az.,. 1f AT [z, > -5x10 *
v,2 2 v,2 2 —

» *

(Az1 + Azz) > 100 meters, the routine checks the quantity

AT! v,m#2 ~ ven | v,3 vyl
Az z -z z, (4-2)

If (AT/Az) > —leO—A, the routine again defines a surface-based inversion.

If no surface based inversion is found, the routine increments n and

proceeds through the sawme operations until the base of an elevated
inversion is found or until =z exceeds 3000 meters AGL. 1If =2

n+1 n+l
exceeds 3000 meters AGL, the surface mixing depth is defaulted to 3000

meters.

After the depth of the surface mixing layer Hm is established,
the routine analyzes the rawinsonde data between the surface and Hm to
obtain estimates of the mean-layer wind components and the reduced

gravity factor using the expressions:

H
L}
3:1 un (zn+1 - &n)
Yy F M (4-3)
m m
32% (Zn+l - ?u)
!i"\\
) 5%1 n 2n+1 n)
v = BTy (4~4)
. Hm Hm
2“ (tn+l B z))
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H H
m m
™ V‘ -
Egi n (zn+l zn) rﬁﬁ.(z +1 Zn)
g = gl - % ! (4-5)

T
I,max

where TI max is the maximum temperaturc in the stable layer above H .
Y i

In the routine, g' 1is restricted so that if it cxceeds 0.3 it 1s set

to 0.3 and if less than C.1 is set to 0.1,

4.2 BATTLEFIELD SOURCE CHARACTERISTICS ROUTINE

The Battlefield Source Characteristics Routine (SORDAT) is
designed to develop the source characteristics for a large number of
sources required to describe a battlefield environment problem. From a
relatively few inputs supplied by the user, SORDAT generates all neces-
sary source characteristics required for dispersion modeling purposes.
Addicionally, SORDAT saves all source data in the battlefield source
location and characteristics data base for subsequent use by the Battle-
field Euvironment Routline (BEC). Routine SORDAT generates source char-
acteriszics tor any of the various types of sources discussed in Section
3. As shown in Figure 4-2, the routine reads user-provided data, which
includes tne source location on the battlefleld, the time of day the
source emission began, the type of source or source category, and other
data that may be required for a particular source category. Depending
oun the source category, the routine then computies or retrieves the
source characteristics required for dispersion modeling from data
tables. These source characteristics include the {nitial cloud dimen-
sions, the total source emigsion time, the mass rate of wmission, and
the cloud release height or parameters required to calculate the cloud
height. Some source categories require additional characteristics; for
example, the vehicle movement source category requires the direction,

speed and time of travel of the vehicle movement. SORDAT then stores
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the source data into the data base and loops back to read another
source data card set. After.all user-provided source data have
been processed, SORDAT optionally prints tables of the source charac-

teristics data based on source category.

4.3 DISPERSION MODEL ROUTINES AND METEOROLOGICAL PARAMETERS REQUIRED
BY THE DISPERSION MODELS

The meteorological paramcters required by the dispersion
models are given in Table 4-2. Of the meteorological parameters shown
in the table, the user need only supply the program with values of v
and A 1If the dispersion models in Section 2.3.2 are being used and if
these parameter values respectively differ from the default values of 1
and 0. When the MS3 Routine of AMSORB is used, the subscript n
equals unity and only the values of the parameters {n Table 4-2 at the

source location are used in the calculations.

The turbulence parameters UA.n and Oé,n' their power-law
coefficients for height dependency m and ¢, and the power-law coef-
ficient p, are not routinely measured at meteorological stations.

A means of assigning appropriate values to these meteorological param-
eters is therefore required. Swanson and Cramer (1963) made a com-
prehensive study of the height dependence of uA as a function of wind
speed and time-of-day using measurements from a 62-meter tower at WSMR.
We have used the results of this study in conjunction with a stability
classification system, similar to the Pasquill detfinition of stability
categories (Turner, 1964) used by the gnvironmental Protection Agency,
to select and assipgn values to these parameters. Figure 4-3 is a sehe-
matic diagrem of the loglc sequence used by the routine in defining the

varamcters acd the use of the parameters in the dispersion models.

Key features of the procedure shown in Figure 4-3 are:
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TABLE 4-2

METEORDLOCTCAL INPUTS FOR THY

DISPERSION MODELS

Parameter Definition
NR Net radiation index
th
Hm n Depth of the surface mixing layer at the n
’ point in the trajectory (m)
;n Mean laver wind speed in the surface mixing layer
at the nlh point on the trajectory (m s—1)
OA N Standard deviation of the wind azimuth angle at
: the nth point on the trajectory (radians)
m Power-law coefficient used to describe the heipght
dependency of OA n in the surface mixing lavyer
OE . Standard deviation of the wind elevation angle at
ol the nth point on the trajectory (radians)
q Power~law coefficient used to Jdesceribe the height
dependency of OF in the surface mixing laver
P Power-law coefficient used to describe the height
o dependency of wind speed in the surface mixing
laver
5 Lateral cloud expansion coefficient
8 Vertical c¢loud expansion coefticient
r Fract.un of material reflected at the surface
A Washout coeffieient or fraction of material
removed by precipitation scavenging per unit
t ime
RH Kelative humidiey (pereent) used to compute the

yield factor (YF) for seoke munitions
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FIGURE 4-3. Schematic diagram illustrating procedures for obtaining inputs
to the dispersion models.
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DETERMINE INITIAL NET
RADIATION NR FROM SOL AR
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Ir
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? Solar altitudes for the release point and time of request

are calculated using an algorithn suggested by Woolf
(1968)

] The routine then secks the most recent cloud and ceiling

data from the reporting station nearest to the release

point

g . ) [f there are no stations reporting cloud and ceiling data

“-, within a 50-kilometer radius from the releade point or
E %%
the data are more than three-hours old, the routine selects

T a default net radiation index from Table 4-3

. L . When cloud data are available, the routine calculates an
initial net radiaticn index based on solar altitude falso
see Table «-7) and adjusts Jhe index based on the time-

| of-day, tecal cloud cover, and ceiling height

fi . . The net radiation Index and the wind specds from the
g Mesoscale Wind-Field Model tor the release point and
i points along the cloud trajectory ave used to select
- turbulence input parasmeters and wind power-law coef-

ticients for the dispersion models

, . ) £k
a Values of the surface mixiag depth Hm n for wach w

polat along the cloud trajectory arc obtained trom the
Mesoscale Wind-Field Model solution uzing the inter-

polation procedure piven by EBquation (2-6)

iﬁ . Table 4-4(a) shows values of the ften-minute standard devia-
SO tionz of the wind azimuth anpgle in degrees QA{tslﬁ min)  and aszsocliated
' valucez of the power-law coefiiclient m for deseribing dA varlation

with height above the zurface based ot the study of Swanzon and Crdaser.

§0. o G-




TABLE 4-3
NET RADTIATION TNDICFS

Solar Altitude n Daytime Default
In Degrees Index Index
N> 60 4 3
J5 <1 £ 60 3 2
15<n <« 3 2 1
O0<n - 15 1 0
Nighttime N/A -1




TABLE 4~4

TURBULTNCE PARAMETERS FOK
DISPERSION MODELS

(a) Ten-Minute Standard Deviations of the Wind Azimuth Angle in Degrees
(o A) and Corresponding Values of the Power-Law Exporent m

.
i Net Radiation Index
Wind Speed
at 5 Meters| ¢ 3 2 1 0 -1 2
(m/sec) N m o, m o, m lg, m |og m jg, m lg, m
<1 |26 -,109|26 -.109| 21 -,133!15 -,112{11 -,120|8.6 -.189 8,6 -.189
1=a<3 |26 -,109(22 -.128!16 -.,123111 ~,112{10 -.120]|8.6 -,189|8.6 -,189
3=0<5 {19 =-,122416 ~,123}13 -,103| 9 -.120| 9 ~-,134{7.8 ~-.207{7.8 -,189
S5=ca<? |14 - 10511 -, 117111 -, 117] 8 -,148| 7 -.126|6.7 -.287{6.7 -.189
7= l 9 -,100¢{ 9 - 117} 8 -, 110| 8 -,148} 7 -. 1?_6_16.7 -, 287|6.7 -.189
(b) Standard Deviation of the Wind Elevation Angle In Degrees (oE) and
Corresponding Values of the Power -Law Exponent q

r

Wind Speed Net Radiation Index

at 5 Meters 4 3 2 1 0 -1 -2

(m/sec)
% 4% 9 1% 9 |% < |% 9 |% 49 |% 49
i<l 87 .10 (87 .16 }7.0 .07 |5.0 O (37 O 2.9 -.201{2.9 -~,30
1<3d<3 |87 .10(7.4 ,13,35.3 .07 (3.7 v 3.3 0 2.9 -.202.9 -.25
3<u<s 6,3 .15 |53 .15 (4.3 .13 (3.0 0O 3.0 O 2.6 -.20 2,6 -.20
5<a4<7 |47 .20 (3.7 .20 |3.7 15 ;2.% 0 2.7 0 2,2 -,15 2.2 -, 15
7= 4 3.0 .25 |3.0 .20 2.7 .20 (2,7 O 2.7 GO |2,2 -,15 2.2 -.15
130
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Values of the standard deviation of the wind elevation angle in degrees
and the power-law coefficient

height above the surface are shown in Figure 4-4(b).

Og

1972) tuvbulence is isotropic for short averaging times and that the

one-fifth power law can be used as a scale factor to adjust Ty for

were assigned under the assumption that (after Cramer, et al.,

averaging times less than 10 minutes. Thus,

1/5

1t

6, (=10 min}) (£2)

[1}4

OA{T=10 min} /2.99

q describing the variation of ¢

These values of

(4-6)

(4-7)

The values of the power-law coefficient q were assigned under the assump-

tions that:

Under stable conditions (NR = -1, ~2)

Under unstable conditions (NR = 2,3,4)

O. 3 "pn

(M M)

E,z E

()

2R
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The values of the wind power-law coefficient p, 3s a function
of net radiation index and mean layer wind speed used in the routine are
shown in Table 4-5. These values are similar to those suggested for use
at WSMR by Swanson and Hoidale (1962) and for Dugway Proving Ground by
Cramer, et al. (1972).

The plume-rise models described in Section 2.3.1 and 2.3.2
above require estimates of the ambient air temperature and density and,
under stable conditions, the lapse-rate of potential temperature. If
surface meteorological data are available, the routine automatically
selects the ambient air temperatures and densities according to the
procedures shown in Figure 4-3 and the lapse-rate of potential temper-
ature is calculated from the rawinsonde sounding established using the
procedure described in Figure 4-1. 1If no surface data are available,
the default values of surface temperature shown in Table 4-6 and a
default air density of 1204.2 grams per cubic meter are used. The
temperatures in the table are bkased on the monthly normal and maximum
temperatures at El Paso extracted from the report "Climatic Atlas of the
United States" published by the U. S. Department of Commerce in June
1968. The values shown for a net radiation index of -1 and -2 corre-
spond to the normal minimum . temperature for each month. Similarly, the
values shown for net radiation indices of 0 and 1 and for indices of 2
and 3 respectively, correspond to the normal average and normal maximum
temperatures for each month. Finally, the surface temperatures for a
net radiation index of -4 were obtained by taking an average of the
recorded maximum temperature and the normal maximum temperature at El

Paso for each month.

If no rawinsonde data are available, the routine selects
default values of the lapse rate of potential temperature from Table 4-~7
based on the net radiation index and the calculated wind speed at the
effective source height. A default value of 1 is always used for the

vertical cloud expansion coefficlent B, A default value of 1 for the




_TABLE 4-5
WIND POWER-LAW EXPONENT p FOR

THE DISPERSION MODELS

Mean Layer Net Radiation Index

Wind Speed ,

U (m/sec) 4 3 2 1 0 -1 -2

<1 .2 .2 20 | .20 | .20 | .20 | .3
1<d<3 .2 .17 .20 .20 |- .20 .20 .25
3=<u0<$ .15 .15 A7 A7 .20 .20 .20
5<d<T .10 .10 .15 .15 .15 .15 .15
7=<1 .05 .10 .10 J10. | .15 .15 15
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DEFAULT VALUES OF SURFACE TEMPERATURE TB (OK)

TABLE 4-6

Net Radiation Index

Month
4 3,2 1,9 -1,-2
| .
Jan e 292 286 279 272
Feb 296 290 , 282 275
Mar 300 294 286 277
Apr | 303 299 290 282
May } 308 304 295 287
Jun ; 312 308 : 300 292
Jul 312 308 | 301 294
Aug 310 307 300 293
Sep 308 304 297 289
Oct 303 299 291 283
Nov 297 292 284 275
Dec 293 287 280 272
134




TABLE 4-7

DEFAULT VALUES OF THE LAPSE RATE OF POTENTIAL
TEMPERATURL ¢ (deg K/m)

Wind Speed Net Rudiation Index
a{h}
(m sec-1 1 0 -1 -2
0-1.4 0.005 0. 015 0. 030 0. 040
1.5 ~ 2.9 0.003 0.010 0.020 0.030
3.0-4,9 0.001 0. 005 0.015 0. 020
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lateral cloud expansion coefficient a 1s used for instantaneous sources

and a value of 0.9 i{s used for quasi~continuous and coutinuous sources.,

The dispersion models described in Sectioun 2.3.2 require a

yield factor (YF). The factor YF is calculated as a function of relative

humity (RH) by the dispersion models. If n. relative humidy value is
available from the Data Base, the routine selects 4 default value shovm
in Table 4~8 based on the time of day and season. The values used in
Table 4-8 are for El Paso and ate obtained from the "Climatic Atlas

of the United States" published by the U. S. Department of Commerce in
June 1968.

4.4 OBSCURATION MODEL ROUTINE AND MODEL PARAMETERS

The function of the Obscuration Model Routine is to calculate
the probability of detecting a target. Figure 4-4 is a program logic
flow diagram of the Obscuration Model. Before a probability of detection
value can be computed, several sets of calculations must be performed,
as shown in Figure 4~4. TFirst, the line~of-sight (LOS) integrated con-
centration from the sbserver to the target is calculated for all contrib-

uting obscurant sources. The Obscuration Model Routine references the

Dispersion Model Routines in order to compute integrated concentration
values. Prior to performing the more time consuming calculations such

as cloud brightness, the routine checks to determine if sufficient ob-
scurants are preser? to reduce the transmittance through the cloud to a
level at which targets displaying the largest possible contrast are

always obscured. 1If it {s determined that this condition exists, the
routine Indicates the taiget 1s obscured and returns control to the
calling program. Otherwise, the routine continues processing and com-
putes the brightness of the target as viewed from the observer. The
Dispersion Model Routines are again referenced for cowputing the obhserver-

to-background LOS integrated concentration and the brightness of the

136
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TABLE 4-8

DEFAULT VALUES OF RELATIVE HUMIDITY (PERCENT) FOR
COMPUTING THE YIELD FACTOR (YF)

Time ol Day (hours)
Season 2200 - 0300 0400 - 1000Q 1100 - 1700 1800 - 2100
Winter 36 61 40 35
Spring 31 40 29 16
Summer 48 60 34 30
Fall 48 59 35 16
B
L
g5
1
B N
: ’ © 44
1
1.
ol
'}
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FIGURE 4-4. Obscuration Model Routine Flow Diagram.
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FIGURE 4-4. (Continued)
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S

background as viewed from the observer. These calculations and the
calculations of the target brightness are then used to determine if the
LOS integrated concentration is sufficient to obscure the target from

the observer. If not, a flag is set indicating that the observer has a

95 perceat or greater probability of detecting the target and program
control returns to the calling program. Should an obscuration be present,
the program continues processing and calculates the brightness of the
obscurant clouds along the LOS, and finally calculates the probibility

of detection as shown in the flow diagram. The Obscuration Model Routine

then retums to the calling program.

The parameters required by the Obscuration Model described in
Section 2.4 are given in Table 4-9. Of the parameters listed in the
table, onlv the coordinates of the observer and target need be input by
the user for visible scenarios unless the user has specified a source of
obscurants not included in the data base. 1In addition, a code for the
target background description must be input. As noted earlier, the
inputs required by the Obscuration Model are the same as those required
by the ASLSOM code for infrared, laser, and nighttime scenarios, or when

adverse weather is to be considered in the calculations. Details of the

inputs required by che Obscuration Model Routine for calculations under

these conditions are contained in Volume Il, Section A.4 of the program

= users' manual.

 £ﬁ Target and background codes or target and background reflec-

' 5;“! tivities for the wavelength of interest as well as the target size must
;. fﬁ be entered, as wmentioned above. To assist the program user, examples of
codes curreantly used in the model ro define the type of target and back-
ground, the target size, and the target and background reflectivities

for radiation in the visible spectrum are presented in Table 4-10.

o As an example of the use of the code to specify a scenaric, assume the
program user wishes to calculate the probabilicy of detecting a wvehicle

o with ordinary camouflage paint agalnst a background of vegetation.
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TABLE 4-9

INPUTS FOR THE OBSCURATION MODEL

Parameter Definition
X0 Yoo 2, Coordinates of the observer (m)
Xes Yoo 2 Coordinates of the target (m)
d Average diameter of the target (m)
Rt Target reflectivity or a code specifying

ol

a {1}

target type

Background reflectivity or a code specifying
background type

Brightness of the ith light source (candles
m ° in the visible repion of the spectrum
and W m~2 steradian 1 in the infrared)

Attenuation coefficient for wavelength
A (2 mg~l)

Threshold contrast

Scattering angle for the ith light
source (deg)

Mie scattering function divided by the
square of the propagation constant

Wavelength of light or a code specifying
the wavelength or region of interest (ua)
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TABLE 4-10
OBSCURATION ROUTINE CODE FOR TARGET AND BACKGROUND
REFLECTIVITIES AND TARGET SIZES
(a) Target Information
: Reflectivity ﬁzigzge Ref?;:nce
4 Code in the i Target Type
3 Visible Region Diameter Reflectivity
E (m) Values
_ Army vehicle
: 2 0.08 5 (ordinary camouflage [Dolce (1974)
E paint)
‘;: . 3L§‘ 3 0.30 10 Red brick bu’lding Handbook of Chemistry
TN =~ & Physics (1957,p2745)
DN 4 0.40 10 Wood (pine) building [ Handbook of Chemistry
. ) & Physics (1957,p2745)
' ‘ !
}?ﬂ” 5 0.55 5 Steel target American Institute of
N ﬁ Physics Handbook (1957)
.. S
K : i 6 0.569 5 Polished aluminunm American Institute of
>{'!?£‘1f target Physics Handbook (1957)
o J 7 0.72 1 White painted Handbook of Chemistry
. sign & Physics (1957,p2745)
if;ﬁ ;;51 8 0.72 10 White painted Handbook of Chemistiy
. - v building & Physics (1957,p2745)
8 |
. (b) Background Information
_f» - Reflactivity Reference for
- L Code in the Background Type Reflectivity Values
R ‘ Wisible Region ;
3?, ;f ‘ 2 0.08 Soil (damp) Finklestein (1964)
‘_if‘i 3 0.1% Vegetation Dolen (1974)
b A 0.40 Granite (estimated value)
- ‘{f" 5 0.93 Snov American Institute of
' ! Physies Handbook (1957)
3 o
. 6 1.0 Sky Dolee (1974, p56)
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Inspection of Table 4-10 shows a code of 2 for the target and 3 for the
background provide the requisite input variables describing such a
scenario. The actual target and background reflectivities and target

size, 1f known, car be entered by the program user.

Most of the remaining parameters required by the Obscuration
Model are automatically obtained from data tables in the wass storage
fi.c of AMSORB. Attenuvation coefficients for various types of obscur-
ants and for five wavelengths or wavelength ranges are given in Table 4-11,
as well as the type of experimental conditions (atmospheric or smoke

chamber) under which the data were obtained and the reference citing

the experiments. The routines automatically select the proper attenu-
ation coefficient based on the obscurant type specified by the user (see
Section 2.4).

The Obscuration Model partitions the sky, as noted in Section
2.4, into either & or 16 partitions depending on whether the sun is
behind, or in front of, the target. For overcast skies (rotal sky cover
greater than or equal to 0.85), the routine uses 16 sky partitions.
Table 4-12 shows the azimuth and zenith angles used to represent the
centroids of the sky partitions for the brightness calculations. The
azimuth angles shown in Table 4-12 are based on a reference coordinate
system in which O degrees corvesponds to grid novth and 90 degrees to
grid east. The routine automatically translates these azimuth angles to
a reference frame in which a ray with an azimuth of 0 degrees is oriented
along the observer to target line-of-sight. The sun's position aad the
total sky cover are passed to the Obscuration Model thruugh the data
base management system froa the Mixing-layer Aealysis Rourine (see
Section 4.1). the sun's position is also used to deterwmine the position
of the sun's partition whea direct radiation is used in tke calculations
for clear to pavtly-cloudy days. Scattering angles for the sun and sky
partitions are calculated vnder the assumption that rhe lighs sources

are 4t very large distances from the target and obsarver. As showun la




TABLE 4-11

ATTENUATION COEFFICIENTS FOR VARIOUS TYPES
OF OBSCURANTS

Tyvpe of WavelengthiCoefficient of Test
ype o Range Attenuaticn - Reference
Ubscurant 2 3 Conditions
(pm) (m© mg™)

HC Smoxe G- 7 .0033 Atmospheric DPG (1978b)
WP Smoke o= 7 .0021 Atmospheric DPG (1978b)
Fog 0il Smoke G- 7 .0029 Smoke chamber|Allen and Simonson (1970)
FS Smoke b= 7 .0047 Smoke chamberi{Allen and Simonson (1970)
Explosive Munition

Dust G- 07 .00032 Atmospheric DPG (1978c)
Vehicle Movement

Dust G- L7 .00024 Atmospheric DPG (1978d)
Muzzle Blast
Smoke and Dust KA .00024 @ DEG (1978d)
Burning Brusn G- 7 .0042 Atmospheric Turner, et al., (1979),

and Eccleston, et ai.,
(1974)

Burning Building - .7 .0076 Atmospheric Turner, et al, (1979)
Burning Vehicle Ao~ 7 .0076 C) -
HC Smoke 1.06 .00098 Atmospheric DPG (1978b)
WP Smoke 1.06 .00059 Atmospheric DPG (1978b)
E"Plc’gi‘;i Munition| 4 o .00035 Atmospheric DPG (1978c)
Vehicrl)isl;m"eme“t 1.06 .00019 Atmespheric DPG (1978d)
Muzzle Blast
Smo'e and Dust 1.06 .00019 @ DPG (1978d)
dAC Smoke 3.4 .00011 Atmospheric DPG (1978b)
WP Smoke 3.4 .00023 Atmospheric DPG (1978bL)
E"*’l"gi‘s’t Munitiont 4 , .00027 Atnospheric DPG (1978c)
Vehicézsfovement 3.4 .00016 Atmospheric DPG (19784d)
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TABLE 4-11 (Continued)

[
. Tyoe of Waveiength|Coefficient of Test
ObZEZr;nt Range Attsnuation ~ 1di€£ons Reference -
P uCl

(1m) (m* mg~1)
Muzzle Blast N

3.4 . {: DP 7
Smoke and bust 00016 GD G (19 8d)
HC Smoke 3.75 .000044 Atmospheric DPG (1978b)
WP Smoke 9.75 .00027 Atmospheric ‘DPG (1978b)
Explgsige Munition 9.75 .00021 Atmospheric DPG (1978¢)

us

Vehl;lllztm"eme“t 9.75 .00013 Atmospheric DPG (1978d)
Muzzle Rlast
Smoke and Dust 9.75 -00013 C> DPG (1978d)
HC Smoke 10.6 .00015 Atmospheric  DPG (1978b)
WP Smoke 10.6 .00048 Atmospheric DPG (1978b)
Fog 0il Smoke 10.6 .00025 Smoke Chamber|Allen and Simonson (1970)
FS Smoke 10.6 .00052 Sroke Chamber|{Allen and Simonson (1970)

() Assumed to be identical to the attenuation coefficient measured for
dust clouds produced by surface dust generated by a moving vehicle.

C) The attenuation coefficient for a burning vehicle is assumed to be
approximately equal to the coefficlent for a burning building.
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TABLE 4-12

ANGLES REPRESENTING THE CENTROIDS OF
THE SKY PARTITIONS

(a) 6 Sky Partitions (used when the sun is in front of the target)

Azimuth Zenith
¥ (deg) 8 (deg)
60.0 14.4775
180.0 14.4775
300.0 14,4775
60.0 48.5904
180.0 £8.5904
30C.0 48.5904

(b) 16 Sky Partitions (used when the sun is behind the target or
obscured by clouds)

Azimuth Zenith
¥ (deg)- 0 (deg)
22.5 | 14.4775
67.5 14,4775
112.5 ' 14.4775
157.5 14,4775
202.5 14.4775
247.5 ' 14.4775
292.5 14.4775
337.5 14.4775
22.5 48.5904
67.5 48,5904
112.5 48,5904
157.5 48.5904
202.5 48.5904
247.5 48.5904
292.5 48.5904
337.5 48.5904
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Figure 4-5, the light fays arriving from each source can thus be assumed
parallel, and the scattering angle ¢i for the ith light source is

determined from the cosine law as follows:
. cos ¢, = sin ' + sin g, + cos @' « cos §; * cos Y, (4-11)

where

¢; = azimuth angle with respect to the observer-target line-of-
sight for the ith light source

f, =- elevation angle of the ith light source

' = elevation of the line-of-sight with respect to the plane
of the horizon

Table 4-13 gives two sets of the Mie scattering function F{¢i, Al
divided by the square of the propagation censtant k for scattering angle
increments of 2 degrees currently contained in the data base. The

values for the dilute WP in the visible spectrum shown in Table 4-13 were

obtained from the SOMI program (Johnson, et al, 1972) aund the values for
HC at the 10.,6-micrometer wa§elength were obtained from the ASLSOM code

(Gomez, 1978). The obscuration routines use linear interpolation to

determine the exact value of F{¢i,)\}/k2 for the scattering angle calcu-
lated from Equation (4-11). 1In the absence of values for HC smoke in
the visible, the program uses the values shown in Table 4-13 for dilute
WP smoke. Should Mie fractions for other obscurants and/or other wave-
lengths be required, they must be entered by the user (see Section A.4

. of Volume II).

- The Obscurant Dispersion Model routine is called when concen=-
trations or line-of-sight integrated concentrations are to be calculated
for use in the transmission and brightness calculations. At this point,

‘the obscuration routine also performs the tests described in Section 2.4
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FIGURE 4-5. Sketch showing the angular relationship of the observer,

target and a light source.
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TABLE 4-13
VALUES OF F{¢;,»}/k? FOR DILUTE WHITE PHOSPHORVS

AND HEXACHLOROETHANE SMOKES

Sc:;termg Scattering Scattering | o .\ioring Scattering Scattering
gle Fract ion _Angle Fracti Angle - .
) ction ) Fraction
(deg) (deg) : (deg)
(a) Dilute White Phosphorous (WP) in the visible
-2 -4 7 -5
0.0 1.17889x10_, 62.0 1.32288x10_, 124.0 | 4.19813x10 ¢
2.0 1.15003x19_, 64.0 1.17992x10_, 126.0 4.42084x10'5
4.0 1.06873x10_% 66.0 1.05331x10_, 128.0 4.65831x10’5
6.0 9.49033x10_3 68.0 9.41838x10_¢ 130.0 | 4.91241x10_¢
8.0 8.09441x10 % 70.0 8.43939x10_¢ 132.0 5.18116x10‘5
10.0 6.67796x10_3 72.0 7.57852x10_ 134,0 | 5.45844x10_¢
12.0 5.37472x10_3 74.0 6.82063x10_¢ 136.0 5.73895x10'S
14.0 4.25876x10 3 76.0 6.15570x10_¢ 138.0 6.02246x10‘5
16.0 3.35111x10 3 78.0 5.57700x10_¢ 140.0 | 6.31207x10_¢
18.0 2.63791x10_4 80.0 5.07699x10_¢ 142.0 | 6.60882x10_;
20.0 2.08918x10_ 82.0 4.64580x10_ 144,0 | 6.91061x10_¢
22.0 1.67184x10 5 84.0 4.27384x10_g 146.0 | 7.21815x10 ¢
24.0 1.35602x10_4 86.0 3.95518x10_ 148.0 7.53955x10‘5
26.0 1.11700x10_, 88.0 3.68754x10_¢ 150.0 7.88504x10'S
28.0 9.35254x10_, 90.0 3.46875x10_; 152.0 | 8.25509x10_¢
30.0 7.95836x10_, 92.0 3.29384x10_¢ 154.0 8.63627x10‘5
32.0 6.87646x10_, 94.0 3.15606x10_¢ 156.0 {'9.01061x10_¢
34.0 6.02473x10_, 96.0 3.05042x10_ 158.0 9.36426)(10—5
36.0 5.34125x10_, 98.0 2.97533x10_g 160.0 | 9.67548x10 ¢
38.0 4.77872x10_, 100. 0 2,93072x10_¢ 162.0 9.88716x10”5
40.0 4.30176x10_, 102.0 2.91520x10_¢ 164.0 | 9.90212x10_¢
42.0 3.88561x10_, 104.0 2.92579x10_; 166.0 9.63625x10‘5
44,0 3.51418x10_, 106.0 2.96015x10_¢ 168.0 9.10971x10“5
46.0 3.17742x10_, 108.0 3.01796x10_ 170.0 3.49746x10'5
48.0 2.86893x10_, 110.0 3.09933x10_g 172.0 | 8.06542x10_¢
50.0 2.58465%x10_, 112.0 3.20259x1u_¢ 174.0 s.oossaxlo"s
52.0 2.32238¢10_, 114.0 3.32457x10_¢ 176.0 | 8.29279x10_¢
54.0 2.08134x10_, 116.0 3.46332x10_¢ 178.0 | 8.67358x10_¢
56.0 1.86144x10_a 118.0 3.61965)(10_5 180.0 8.84540x10
58.0 1.66238x10_, 120.0 3,79510x10_¢
60.0 1.48329x10 122.0 3.98892x10
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TABLE 4-13 (Cont inued)
VALUES OF F{$;,3}/k% FOR DILUTE WHITE PHOSPHORUS
AND HEXACHLOROETHANE SMOKES
f
Sci;;;zlng Scat tcr-ing SL;;;T; tng | Scattering bcxitimg Scattering
(dey) Fracticn '(de‘g) i Fraction (dgg) Fraction
(b) Hexachlorocthane (HC) in the Infrared (10.6 um)
B} -5
0.0 1.45197x107, 62.0 1.32705x10_% 126.0 | 1.73621x1028
2.0 1.44700x107, 64.0 1.19637x10 3 126.0 1.71047x10_g
4.0 1.43221x10°, 66.0 1.08002x10_¢ 128.0 1.68992x10_g
6.0 1.40794x10”, 68.0 9.76416x10_¢ 130.0 1.67422x10_
8.0 1.37476x10°, 0.0 8.84154x10_¢ 132.0 1.66315x%10
1n.0 1.33343)(10:4 72.0 8.01‘)87x10_6 134.0° 1.65651)(10»6
12.0 1.28485¢10 74.0 7.28812x10_¢ 136.0 1.65417x10 0
14.0 1.23007x10°, 76.0 6.63652x10_¢ 138.0 | 1.65602x10_
16.0 1.17022x10 . 6.05637x10_, Iy 200x10
18.0 1. 10648x107 5.0 5.53996x10_¢ 2.0 1672040108
20.0 1. 04004x10” 82.0 5.08040x10_¢ 144.0 1.68605x10_¢
22.0 9.72039x107¢ 84.0 4.67152x10_¢ 146.0 1.70393x10_
24.0 9.03570x10_¢ 86.0 A.30779x10_¢ 148.0 l.72551x10-6
26.0 8.35627x10 88.0 3.98427x10_¢ 150.0 | 1.75057x10_
28.0 7.69090):10_5 90.0 3.69652X10_6 152.0 1'77878)(10:6
30.0 7.04710x10 ¢ 92.0 3.46060x10_¢ 154.0 1.80974x10_¢
32.0 ().lulOOxlO_S 94,0 3.?.1297)(10_6 156.0 1.84294x10_¢
34.0 0. 84734x10_ 96.0 3.01051x10_ 158.0 1.87779x10_¢
0 5.29951x10 2.83046x10_ '
gg.o 4.78963x10_; 1328 2.67037x10"° i228 iSiSiiiiS"
40,0 4.31870x107> 102.0 2.52811x10°" 164. 1.98490x10_
) 0x10_ , 2. . 5., 0 .98490x10_¢
42.0 3.88673x10“5 104.0 2.40180x10 6 166.0 2.01874x10
3.49290x10 - (10_
44. 0 290x1075 106. 0 2.28981x10”) 168.0 2.05022x10_g
46.0 3.13.,76x10_S 108.0 2.19069x10 170.0 2.07852x10_
48.0 2.81337x10 .10318x1070
50.0 2.52346x107> }{2’8 g.éggigzlo‘ﬁ 132‘3 g.iggggiig—6
$2.0 2.26356x1072 114.0 1.95864x10~0 176.0 2.13704%10_ ¢
540 2.03113x107 116.0 1.89975x10~0 8. 2. 14591%10 ¢
) I . . e 178.0 14591x10_¢
56.0 1.82363x10_; 118.0 1.84872x10 180.0 2.14889x10
58.0 1638 "3x1077 120.0 1.80484x1076
60.0 1.47382x10 1.76752x1076
. 122.0 X
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to determine if any obscurant is required to obscure the target or if there
is too little obscurant present to affect the probability of detection,

The amount of direct and diffuse illumination of the scenario is an important
parameter in the calculation of the target and background brightness, cloud
brightness and in determining the threshold contrast, The present version
of the obscuration routines provides for three levels of sky luminance: a
clear to partly cloudy day (total cloud cover less than 0,85) with the sun
near its meridian, a mostly overcast day (total sky cover equal to or
greater than 0.85) and a clear tn partly-cloudy day at sunrise or sunset.
Luminance levels for these sky conditions used in the routines are shown in
Table 4-14 (Handbook of Chemistry and Physics, 1957). The direct sun
luminance of 6x106 candles per squarc meter for sunrise and sunset under

clear to partly cloudy sky conditions is considered to occur, for calcula-

tion purposes, between one half-hour prior to and one half-hour after
sunset and sunrise, respectively. The diffuse sky luminance of 8000
candles per square meter is an average brightness for the sky aeccording to
th: Handbook of Chemistry and Physics, (1957). The brightness for each sky

partition BO is obtained by dividing the indirect radiation value given in

Table 4-14 bi 6 or 16, depending on the number of sky partitions used in
the calculation. TFor clear to partly-cloudy skies, when direct radiation
is present, the sun's partition is assigned the brightness of 1.6x109
candles per square meter. For infrared scenarios. the sky brightness is
not input. JInstead, as described in Section A.4 of Volume 1I, radiance
values for the target, sky and terrain in microwatts per squave meter per

steradian must be input by the user.

The threshold coatrasts for a 50-percent probability of detection
used in the routines, and shown in Table 4-15 as a function of illumination
level and target size, are compiled from data presented by Blackwell
(1946). It should be noted that these threshold contrasts ave for viewing
in the visible spectrum by the human eye. Two sets of threshold contrast
values are given, the first for use when the brightness of the target has
been cal-ulated to be wore than the background brightness and the second
set wvhen the target brightness is less than the background brightness. In

the test to determine 1f smoke is required to obscure the target, the
151
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TARLE 4=14
LUMINANCE LEVELS FOR VARIOUS SKY CONDITION

I

Direct Indirect Skv
Radiation Radiation Con&ition
(candles/m™) (candles/m™)
1.6x109 8000 Clear to Partly Cloudy
(TSC* < 0,85)
0 8000 Mostly Overcast
(TSC 2 0.85)
6.0x106 8000 Clear to Partly Cloudy

Sunrise & Sunset
(TSC < 0.85%)

el o iranian s

*
TSC is the total sky cover or fraction of the sky covered by clouds.
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TABLE 4-15
THRESHOLD CONTRAST VALUES

Target Size Total Available Luminance (candles/mz)

-

e
(minutes of arc) 2104 103 102 10 |
(a) Threshold Contrasts for Targets Brighter than the Background

150 0.0027 0.0027 0.0027 0.0030 0.0038

100 0.0027 0.0027 0.0028 0.0032 0.0044

50 0.0028 0.0028 0.0030 0.0034 0.0050

20 0.0031 0.0033 0.0036 0.0042 0.0073

15 G.N034 0.0038 0.0044 0.0051 0.0095

10 0.0042 0.0050 0.0064 0.0073 0.0150

8 0.0952 0.0062 0.00M 0.0096 0.020

6 0.0068 0.0083 0.012 0.014 0.030

4 0.011 0.0135 0.021 0.025 0.055

2 0.025 0.036 0.062 0.082 0.190

1 0.072 0.130 0.230 0.340 0.800

(b) Threshold Contrasts for Targets Darker than the Background

|

150 0.0070 0.0070 0.0072 0.0073 0.0092
100 0.0074 0.0074 0.0077 0.0079 0.0102
50 0.0087 0.0087 0.0094 0.0100 0.0138
20 0.0130 0.0130 0.014 0.0150 0.025
. 15 0.0155 0.0155 0.017 0.0135 0.03!
- 10 0.021 0.021 0.023 0.027 0.045
8 8 0.026 0.026 0.029 0.034 0.059
£ 3 6 0.035% 0.034 0.040 0.047 0.085
f o 4 0.056 0.054 0.065 0.082 0.150
oo B l 2 0.150 0.140 0.175 0.720 0.410
8 ! 1 0.470 0.450 0.520 0.%60 1.00
i -
4 2o
B N
£- !
£ 3 -
¥ ;
’ ? H ‘
i
- &
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=
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target and background reflectivities are compared to determine which set to
use in selecting the threshold contrast for comparison with the contrast
calculated from Equatior (2-150)., The angular size of the target in

minutes of arc B {is detcrmined from the expression

B = 120 can”} (d/2D) (4-12)

where d is the diameter of the target obtained either from Table 4-13

when a code is used to specify the scenario, or from input specified by

the user. The distance D between the target and observer is given by

2
D = ‘/("o - xt) + (yo - yt) + (zo - zt) (4-13)

For target sizes intermediate between the tabulated values shown in
Table 4-15, the routines use linear interpolation to obtain the requi-
site threshold contrasts. Although Blackwell's data show that the thres-
hold contrast is not linear with target size, the errors iatroduced by
linear interpolation between the target sizes in Table 4-%5 do not

greatly affect the probability-of-detection calculation.

Finally, a4 shown in Figure 4-4, rhe cloud brightuess is cal-
culated, if necessary, and the probability of detection {s calculated
foe the first time step. After the time profile of probability-of-

detection has been completed, the vesults are stored in AMSORB's data

filas,

Fas
.
wn

BATTLEFIELD ENVIRONMENT ROUTINE

The first function Of the AMSORB Battlefield Environment

Routine (BEC) 1s to determine scurces on the battlefield that most
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likely contribute to the observer-target LOS concentration, and to the
obscuration of the target. BEC then references the Trajectory/Transport
Routine, Obscurant Dispersion Model and Obscuration Model Routine to
perform the concentration and obscuration calculations for these selected
battlefield sources. Figure 4-6 is a schematic diagram showing the flow

logic of BEC.

As shown in the first two boxes of the BEC schematic diagram

(Figure 4-6), the routine reads user-provided input data discussed in
Section A.4 of Volume IT and reads the mesoscale analysis meteorological
data base created from the Analysis Phase routines of AMSORB. From
these input data, the routine computes parameters remaining comstant
throughout the calculations. DNue to the size of the battlefleld grid
and the need to conserve calculation time, a closed boundary is defined
using the Trajectory/Transport Routine discussed in Section 2.2 to
eliminate sources which can not possibly aifvct cthe observer-target LOS
concentration or probability of detection calculation. As shown on the
second page of Flgure 4-6, BEC loops over all battlefield source loca-
tions to determine sources within the closed boundary, reading the
source locations from the battlefield source location and characteris-
tics data base previously created by the SORDAT Routine discussed in
Section 4.2, The BEC Routine sets a flag (eligible source flag) for
those sources within the boundary, effectively eliminating sources
outside the boundary from further consideration, and references the
Trajectory/Transport Routine to calculate an average wind speed, travel
distance and travel time between the grid point closest to each seurce

and the LOS.

£
f
E
&

As shoun on pages 3 and 4 of Flgure 4-6, BEC makes a secoad
loop over all battlefield sources and again refereaces che batrlafield
source location and characteristics data base created by SORDAT. Al-
though processing battleficld seurce data would be moye efficient if the

data were initially transferred from the masa storage data busg (o core

13%

Y ot g o i

P | MY




( START )

ENTER R
BATTLEFIELD SOLUTION TIME /;NVIggééﬁgélﬁgngNE
OBSERVER, TARGLT, BACKGROUND TATA CARD (S)
COORDINATES AND TYPES
L

)

MESOSCALE ANALYSIS

ENTER METEOROLOGICAL DATA
MESOSCALE ANALYSIS BASE

METEOROLOGTICAL DATA

1: Wind Speed, Wind
Direction, Surface
Mixing Layer Height
at Each Grid Point

COMPUTE 2: Relative Humidity,
CONSTANTS BASED Sunlxge. Sunset,
ON USER INPUTS K\\‘ Temperature Gredient,
AND METEOROLOGICAL Cloud Cover
DATA
DETFRMINE

A CLOSED BOUNLARY DEFINING
ALL SOURCES THAT
MAY AFFECT LOS CONCEN-
TRATION (ELTGIBLE SOURCES)

FICURE 4-5. Battleficeld Envivonment Routine (BEC) Schematic Diagram.
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;I BB INPUT BATTLEFIELD SOURCE
A A BATTLEFIELD LOCATION AND CHARAC-
[ £ SOURCE 1.OCATION \\ATEAISTICS DATA BASE
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a END
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FIGURE 4-6. (Coentinued)
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FIGURE 4-6. (Continued)
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memory, BEC assumes that the Initial number of battlefield sources can
exceed BEC's core memory array allocation. The purpose of this second
and successive loops over the battlefield source data from a mass storage
data base is to select the sources most likely to contribute to the LOS
concentration and the obscuration of the target. For "eligible'" sources,
BEC determines if the source has been released prior to the user-input
calculation time. If the source has been released, BEC determines 1if

the source is within one mesoscale grid spacing from the line-of-sight.
In our diagram, we have called this source a '"close" source and all
other more distant sources are called "fair" sources. 1f the source is
"close'", BEC references the appropriate obscurant dispersion model and
computes its contribution to the observer-target 10S$ integrated concen-
tration. The computed concentration is then summed with the contribu-
tions from other "close" sources. If BEC determines that the summed
contributions are sufficient to obscure the target, all processing is

terminated and the user i{s notiffed that the target is obscured.

[f no obscuration exists at this point, BEC has recognized all
sources which have been released prior to the user-specified calculation
time and has calculated LOS i{ntegrated concentrations for "close" sources.
The BEC logic shown on page 5 of Filgure 4-6 is designed to determine {f
the clouds from the "far'" sources are in the vicinity of the LOS at the
specified time, defines the "close" sources and the "far" sources whose
clouds are in the vicinity of the LOS at the user specified time as
"active" sources, and assigns a priority to these active sources based
on distance from the LOS ("far" sources) and concentration ("close"
sources). LUp tu this point, BEC has rstrieved and stored all battle-
ficld source data trom and o mass storage data bases. To increase the
speed of subsequent processing, BEC stores all information for the
active sources with highest priority lato the program's core memory
arrays as shodn on page b of Figure 4<6. 1t should be woted that the
number of actlve sources sould exceed the routine's core wmemory arvay
limies (currently equal to 200). ¢ this oecurs, the routine prints a

varnaing message and processes tha 700 highest priority sources.
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The primary purpose of the BEC logic shown on page 7 of
Figure 4-6 is to effectively use the Trajectory/Transport Routine de-
scribed in Section 2.2 and the Dispersion Models described in Section
2.3.1 in moviny and dispersing clouds from a point of origin "far" from
the LOS to a distance not greater than one mesoscale grid spacing from
the 1.0S. In effect, the models ave used to redefine a "new" source
close to the LOS with dimensions cquivalent to those predicted to occur
for cloud travel over a trajectory trom the source far from the LOS.
The "new'" source has a release time equivalent to the original time of
release plus the predicted travel cime along the trajectory from the
point of origin to the location of the 'new" source. The appropriate
cloud-rise equations described in Section 2.3.1 are also used to define
the cloud rise from buoyant sources and thus the effective height of the
"new" source. As shown on page 8 of Figure 4-6, the contribution of the

"new'" source to the LOS integrated concentration i{s then calculated and
added to the sum of concentrations from the sources originally "close"
to the line of sfpht and all previously processed "new'”" sources whose
origiu was closer in distance to the LOS. If the summed concentration
clearly exceeds the concentration required to form an obscuration, the
nrogran ceasaes Lo process sources and informs the user the target is
obscured, Otherwise, sources are processed until there are no more
active sources to coasider. AL this point, the program calculates the
probability ¢ detecting the targer, if the obscuration wption has been
selected by the user, using the Obscuration Model Routine described in
Section 2.4, The Obscuration Model Routine also comput- s the target,

background and cloud brightucss, and the target-backy r und contrast.

When all model processing is complered, BEC —utpuls the iaput
data and the results tu a printer device and to 4 h-1tlefield results
Jata base as shown on the linal page of Fipgure 4%,  FEC outputs to the
printer device some OF the uzer-provided laput data, the observer-farget
line-of~sipht integrated concentration and the observer-target trans-

maittance. For the obscuration option, the Obscura  loh Model caleulation
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results are also printed. Finally, a brief messageAis listed indicating
what portions of BEC were utilized. The messages may also indicate
diagnostics or errors that occurred during program execution. Refer to
Section 6 for an example print output produced by BEC, Upon completion
of all model processing, the battlefield results data base contains all
: user-provided data and meteorological constants used in the data case

and all calculaied results., The data base also contains a calculation
result code which indicates the portions of BEC utilized in the proces-

sing and {s analogous to the messages listed on the printer device.
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SECTION 5
STRUCTURE OF THE COMPUTER PROGRAM:

ANALYSIS, DATA PROCESSOR, APPLICATION AND
GRAPHICS PHASES OF AMSORB

Figure 5-1 shows the executive components, in the form of a
block dfagram, of the AMSORB system. The AMSORB executive system
managey, labeled XECAMS in Figure 5-1, fs where all processing begins
and ends.  The executive systems manager on option passes control

to the Supervisors' labeled ANALIZ, DATPRO, APPLY and PLTPRG.

The Analysis Supervisor ANALLIZ controls all processing in
the Analysis Phasce of AMSORB and passcs control to the Mixing-lLayer
Analysis and Mesoscale Wind-Field Models foreman MIXLYR or to other
meteorological analysis model routines. The operational elements of

MIXLYR are desicribed in Section 5.1 below.

The Data Processor Supervizor DATPRO controls all processing
in the Data Processor Phase of AMSORB and passes control to the Battle-
fleld Source Characteristics Routine foreman SORDAT. Section 9.2
containy a dizco.sion of the operational elenents of SORDAT. The Appli-
cation Supervisor APPLY paszses control on option to the Trajectory/Transport
Dispersion Mudel application foreman TRYDIF, to "he MS3 Obscurant Dis-
persion and Obscuration Models application foreman MS3, to the Bartle-
tield Faviroament Routlne (BEC) Obkscurant Dispersion and Obseuration
Models application foreman BEC, or to ather applicatioa routines.

The operational clements of TRYDIF, MSY and BEC are deseribed in
Seetion %.3.1, 5.3.2 and 5.3.3, respeetively. At the completion of any
vf these phasen, program confful is returned to XBCAMS. The exceutive
syste@s manager can address, on optioa, the Graphics Supervisor

PLTPRC to obtain cither printed or plotted solutions developed in the
application routines. PFurther details of the Craphicvs Superviser

PLTPRC are deseribed ia Scetion 5.4 below.
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5.1 ANALYSTS PHASE OF AMSORB

As shown in Figure 5-1, the foreman MIXLYR of the Analysis
Phase of AMSORB is comprised of the two operational clements MXOBAN and
SOLWMX. The operational subroutines of MXOBAN are shown in the block
diagram in Figure 5-2. 1he operational element MXOBAN controls the
analysis of all mcteorcological data and passes Lhe results of tue
data analysis to the subroutine SOLYMX at the completion of execution.
The AMSORB System usier requests transport and dispersion information for
a given time and source, which is then passed to MXOBAN via XFECAMS. The
MXOBAN Mixing-tayer Analysis Model routine then proceeds to analyze
rawinsonde, GWC and surface meteovological data according to the logic
process described in Section 4.1. 7The subvoutine MXUADT obtains ra-
winsonde data from the AMSORB data base for the desired solution time and
source location. CGWC prediction data and surface weather observations
for use in the analysis are obtained from the data base via the sub-
routines MXCWDT and MXSFUT. These subroutines also use the CWC and
surface data to modify the rawinsonde data if appropriare. The sub-
routine MXSFDT also calculates the net-radiation index {or the suriace
meteorological station using information obtained from the LONLAT and
DAYNIT subroutines. The rawinsonde data are then used in the subioutine
LYRDHM to caleulate the depth or the surface mixing layer and the mean
wind components in the layer as described in Seetion 4.1, If insuffie-
tent Jdata are available for caleulating the mixing-layer depth or vind
components, defasult data are supplied via the LYRDHM and MXSFDT sub-
routines. Control [s then returned to the operational element MIXLYR

and processing continues by branching to the subroutioe SOLVMX.

A block diagram shouling vperational subelements of SOLVMX i3
given i Figute 5-3. Processing begins through cxamination of the Meso-
sc¢ale Wind-Fleld Model routine input paramefers passed to SOLVMX frem
MIXLYR to determine which of two procedures afe to be uzed in initial-
izing the Mesvscale Wind-Field Model routine. Thuz, the inputl param-

eters frog MIXLYR are compared in the subroutine MXSTET with the lsput
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parameters used to genevate the last solution of the mesoscale routine
resident in the AMSORB data base. The mesoscale routine is initialized
with the new inputs from MXOBAN if the mean layer wind speeds and ele-
vation of the mixing depth above mcan sea level (MSL) differ by more
than twenty-five percent and the mean wind directions differ by more
than ten degrees (cold start). The initial layer depth and momentum

components for a cold start are given by the ecxpressions

= ' -

Hm;i,j Hn,i 5-1)
= v ' -

Mi,j Un (Hn hmin) {5-2)
= t t -

Ni,j Vn (Hn hmin) (3-3)

where

HA = mixing depth (M5L) calculated for the present hour

U = easterly component of the mean layer wind for the
present hour

h',
min

8l

ninimum terrain elevation (MSL) in the solution matrix

V= northerly component of the mean layer wind for the pre-
sent hour

1f the differences are less than those specified above, subroutine MXSTRT

calcuiates initialization parameters for a "hot" start from the expres-

sions
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(5-5)
+u (W= W)
NepoT (B Ry ) Yyt (8 baga) (Ve m V)
- (5-6)

i LI v
+ Vn \Hn Ho)

where
Hi J = mixing depth (MSL) at each solution matrix grid point
? for the previous wind-field solution
hi j = terrain elevation (MSL) at each solution matrix grid
*

point

Hé = mixing depth (MSL) used to initialize the previous
wind-field solution

U1 . = easterly component of the mean layer wind at each solu-
+] tion matrix grid point for the previous wind-field solu-
tion
U0 = easterly component of the mean layer wind used to initial-
' ize the previous wind-field solution
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Vi J = nporthevly component of the mean layer wind at each solu-

i tion matrix grid point for the previous wind-field solu-
tion

Vo = northerly component of the mean layer wind used to init-

ialize the previous wind-field solution

After the initiasiization procedure has been completed, the input param-
eters are passed to the subroutine MXSOLV via SOLVMX for execution of

the Mesoscale Wind-Fleld Model described in Section 2.1,

Subroutine MXSOLV will allow the mesoscale routine to execute

for a maximum model time of approximately 7200 seconds for a cold start

and 1800 seconds for a hot start or until the solution converges, which-

ever occurs first. The subroutine begins to check convergence criteria

after 1260 seconds model time has elapsed for a cold start or 600 seconds

for a hot start. The convergence criteria are then checked after every

application of the nine-point filter (after every seventh time-step if rhe
default value is used). Subroutine MXSOLV begins the convergence check
by calculating the relative variance of the change in mixing layer depth

VR(AHm) over the solution matrix according to the expression

= « 2
Vg (O, = = (1,3 m;i.j)
n Alll‘\ ?l
- ne*m g & (Hl;l;i,j - Hm;i,j) 5 (5-7)

T
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where

H' = layer depth calculated for the present Lime step at each
point in the n by m matrix

H = layer depth for the previous time step at each point in
the n hy m matrix

The subroutine determines the slope of the curve describing VR(AHm) as

a function of time and the difference between VR(AHm) at the present
ard previous application of the filter. The solution is assumed to

have converged i{f the

) Slope of the curve describing VR(AHm) as a function of

time {s equal to or less than zero

* Present value of VR(AHm) is less than the previous
value and the difference between the values is less

than or equal to | x 107°

The Analysis Phase saves the converged Mesoscale Wind-Field Model solu-
tion and other parameters calculated in the Mixing-Layer Analysis Model
reutines by passing them to the AMSORB data base. At this point MIXLYR

is terminated and control is returned to XECAMS.

5.2 DATA PROCESSOR PHASE OF AMSORB

The AMSORB executive XECAMS accesses the Data Processor Phase
by calling Supervisor DATPRO. Supervisor DATPRU passes program coutrol

to tie Battlefleld Source Characteristics Routine foreman SORDAT, or

passes program control to other data processor foreman routines.
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Figure 5-4 shows a block diagram of the Data Prccessor Phase
of AMSORB after program control is passed from Supervisor DATPRO. Foreman
SORDAT, which is also the main routine of the source charactevistics program,
reads the first data card and calls one of the following source type
or categorv subroutines: RDSMK, BRNBR, BRNBL, EXPMUN, MUZZLE, or VHMOVE,
to read the remaining input data cards for the source category specified
in the first data card. These specific subroutines provide default values
and/or compute the source input parameters particular to each type
source category. The default values and source model used for a particu-
lar source category are based on the values and source models discussed
in the corresponding source category subsection in Section 3. These
routines write all model input parameters to a mass storage data basc
that is In turn referenced by the Battlefield Environment Routine
(BEC) discussed in Section 5.3.3. After the processing of data for one
source is completed, a return is made by the category subroutine to
SORDAT to read the next set of source cards until an end-of-~file card

is encountered.

At the users option, SORDAT calls DRVPRT to print source
characteristics tables containing fpput values and model input parameters.
DRVPRT utilizes the following subroutines in creating these tables:
PRTSOR, PRTSMK, PRTINS, PRTQC, PRTBBR, PRTBBL, PRTBVH, PRTEXP, PRTMUZ
and PRTVHM. Program control is then returned from SORDAT to the Data

Processor Supervisor DATPRO which {n turn passes control to XECAMS.
5.3 APPLICATION PHASE OF AMSORB

5.31.1 Foreman TRYDIF¥

Inspection of Figure 5-1 above shows the foreman TRYDIF of

the Applications Phase of AMSORB is comprised of the two operational

elements TRNPRT and DIFFUZ. These operational elements perform .he
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calculations outlined in the block diagram shown in ¥Figurxe 5-5 after
receiving program control through the foreman TRYDIF from XECAMS and
Supervisor APPLY.

The subroutine TRNPRT calculates the trajectory of the cloud
centroid downwind from the source location using the output from the
Mesoscale Wind-Field Model routine and the procedures outlined in Section
2.2 above. Subroutine TRNPRT calculates a point omn the trajectory at
intervals equal tc one-tenth the spacing of the solution matrix of the
Mesoscale Wind-Field Model routine (default value is 500 wmeters). At
each of the calculated points on the trajectory, tne subroutine also
determines the appropriate mixing-layer depth and wind speed for use
in the dispersion models, using the interpolation techniques described
in Section 2.2. After completion of the calculations, program control

i passed tuv subroutine PIFFUZ via TRYDIF.

The subroutine DIFFUZ calculates concentration and dosage with
optional cloud dupletion due to decay and either deposition losses from
gravitarfonal sctrling or precipitation scavenging, using the instan-
raneous and continuous-source dispersion models described {n Seetion 2.3
atove. At the wser's oprion, the program also calculates concentration
and/or dosage isopleth half-widths at each point alomg the trajectory
for instantancous sources and concentration isopleth half-widths for
continuous sources. At the completion of the dispersion model caleu-
lations, the program writes the solution to the AMSOKB print file and

returns control to XECAMS .

5.3.2 Foveman MS3

Figure 5-1 shows that the Foreman MS3 of the applications
phase of AMSORB consists of the two primary operational elements HECSOM

and FPOUT. Figure 5-6 is a block diagram showing the fuaction of these

primary operational elements after veceiving program control through
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foreman MSJ) from XECAMS and the Supervisor APPLY. Figure 5-6 also
shows the relatiouship between these primary operational elements and

subordinate ¢lements.

Subroutine MECSOM supervises the number of times to be prosessed
in the time profiles, controls concentration calculations and contains
the MS3 Obscuration Model described in Section 2.4.1. For each time in
the time profile, this subroutine calculates the target, background and
cloud brightnesses which are then used to computé the time profiles of

probability-of-detection and transmittance. This subroutine also

passes program control to the subordinate routine ALLCN when a line-
{ntegrated concentration is required, or when the number of smoke cloud
elements and the conceatration at each element are requived. Program
control {s passed back to foreman MS3 after completion of all calcu-

lations performed by subroutine HECSOM.

The MS83 Dispersion Model deseribed in Sectien 2.3.2 {3 con-
tained within routines ALLCN, CHIPT and CHIIN. Subroutine HECSOM passes
the observer and target locations (as end points of the line-of-sighe)
to ALLCN. ALLCN controls the integration uf coucentration along the
line-of-sight betwesn the observer and target and also performs the
calevlation of line integrated concentrations between light sources and
the taryet, backpground and cloud elements. ALLCN also calculates the
number and position of cloud elements requived o obtain an acceurate
deseription uf the ¢lowy for use in the eloud brighetness caleulations
pettorned by the MS) Ubscuration Model resident in HECSOM. When con-
centrations at points alony the vbserver-target line-sf-sight are re-
guired, subgoutine ALLON passe=s control to CHIPT or CHIIN where the concen-
tratlons at the poiuts are caleulated using Equation (2-40) oe (2-63) after

. which contrul is returned to ALLZA. Program esateel is passed baek to
. the calling routine HECSUM after completion of the caleuluations performed
in routing ALLON.




Subroutine PPOUT controls the print output and writes all
calculations to a save file for later use by the Graphics Phase of
AMSORB. This routine serves the MS3 Obscurant Dispersion and Obscura-
tion Models for print output and for saving all calculations in a data
file. Vrvogram control is returned to foreman MS3 upon completion of the

routine.
5.3.3 Foreman BEC

As shown in Figure 5-1, program control 1ls passed to foreman
BEC from Supervisor APPLY. Subroutine REC contains most of the program
logic of the Battlefield Environwent Routine. This subroutine reads the
user {nput data, Jdetermines which battlefield sources may coantribute to
the observer-target LOS concentration, computes the probability of
detectiug the target, and prints and saves the calculation results.
Subrout ines TRNPRT, DIFFUZ and ALLCN are called by zukroutine BEC.

Figure 5-7 shows the relationship of these subroutines and foreman BEC.

Subroutine TRNPKT has the same program logic as described in
Section 3.3.1. 1t {s us=d by subroutine BEC to determine the boundary
of active battlefield sources located within the battlefield grid and te

cotapute the trajectory of elouds from battlefield sources.

Subroutine DIFFUZ has the same logic as described in Section
5.3.1. It s used by subroutine BEC to account for dispersion from

sources distant from the linc-ofesipght (see Seetion 4.9%).

Subtvuvutine ALLCN haz the sameo program logie as deseribed in
Section 5.3.2. [t is called by subroutince BEC wvhea an lateprated
vonicentration caleulation along a line iz required. When subroutine BEC
iz computing the vloud brightness in the probabiliry of detection calew~
latioa, ALLEN is alme called to compute the nuaber, posttiom and concen=

tration vf the cloud clements required %o approximate the c¢louwd. For
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quasi-continuous sources, ALLCN calls subroutine CHIPT to calculate the
concentration at a point on the line-of~sight. CHIPT has the same logic
as discussed in Section 5.3.2, CHIIN and LNSRC are similar in purpose

to subroutine CHIPT.

5.4 GRAPHICS PHASE OF AMSORB

Flgures 5-8 and 5-9 show olock diagrams of the Graphics Phase
of AMSORB. The program routine PLTPRC is the Supervisor that controls

all graphics cutput.

For the outputs from the Mising-layer Analysis Model routine
and the Trajectory/Transport Dispersion Model application routine, PLTPRG
retrieves the gsoiutions from the data files and prints and/ov plots the solu-
tions on optios as directed by the user through XECAMS, ar showa in Figure
5-8. Optioas include the printing and plotting of intermadiats and final
wind-field patterns produced by the mesoscale mcdel, isopleths of con-
centration and desage, cloud trajectories and mixing-layer depth contours.
The plotted solutions are shown on a base map of the solution matrix
grid with a backyrouad of terrvain-height contours. The subroutine
labeled LECO04 in Figure 5-8 plots and labels the ases of each plet and
the rerraln height contours ave added to the plot Sy subroutines HEZCC0S
and HECO0Y9. Wind vecrors are caleulated and plorted by suhroutine
HECD08, The program can, in subroutine HECCO8, vecaleulate (at the
waer's optien) addiiional cloud trajectories for other gource locations
usiag the wind-field sulution {s the AMSORB data base. The supervisor
PLTPRC ean also calevlate and display coueentratiou and dosage isopleths
for additionai levels at the user's option. This fealure is useful if
the inirf{ally~rejuested levels do nct show deeails in vhich the user is
interested or if the inittal levels are eicher 80 large ov se small that
they do not oceur ia ehe¢ zolatien matrin. It should be noted that

PLTPRG or its subroulines de no¢ eecalculate the wind-field nor the
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dispersion paramcters, but use information from the last solutions to
recalculate additional trajectories and isopleths. The subroutine
HECO07 controls the plotting of the relative variance of the change in
layer depth, the relative variance of the change in momentum, and the
total mass and total momentum as a function of model solution time. As
noted in Section 5.1, the relative variance of the change in layer depth
is used as criteria for establishing that the Mesoscale Wind-Field Model
solution has converged. Since the Mesoscale Wind-Field Model theoreti-
cally conserves mass and momentum, the plots of total mass and momentum
versus model time are useful in monitoring the effects of numerical

approximations in calculations of the wind-field solutions.

For the MS3 Routine output, PLTPRG passes program control to
subyoutine SMKPLT. Details of subroutine SMKPLT arc shown in Figure 5-
9. Subroutine SMKPLT retricves the output data from data file SHMKFIL
and passes program control %o subroutine SOMUP along with the plot
option chosen by the user through PLTPRCG. Depending on the plot option
chosen, subroutine SOMUP passes program control to subordinate routines
when necessary. As shown in Figure 5-9, subroutine DLINE plots the
solution line whish represents either line-of-sight integrated concen-
tration, probability of detection or transmittance. Subroutine PROBAX
plots the probability-of~detection axes, subroutine CHIAX plots the
line-of-sight integrated concentration/transmittance axes and subroutine
TIMEAX plots the time axes. Program control is passed from subroutine
SOMUP back o subroutine SMKPLT, and then from SMKPLT to routine PLTPRG

when all plot output has been acconplished.
At the completion of the plotting and print operations from

the Graphics Phase, program contr.l is veturned from rvoutine PLIPRG to
XECAMS .,
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SECTION 6
EXAMPLE CALCULATIONS

The Analysis and Application Phases of AMSORB are used to ill-
ustrate the capability of the battlefield environment coempoments (BEC)
of AMSORB to calculate line-of-sight integrated coucentrations and
probability of detection for meteorological conditions that occurred
in the vicinity of WSMR during 14 November, 1974. These meteoralogical
conditions have previously been used, for example, to illustrate the
capabilities of the Mesoscale Wind-T'ield Model (Dumbsuld and Bjorklund,
1977) and the MS3 component (Dumbauld, Saterlie and Chenay, 1979).

The surface weather pattern in the western United States on
the 12th of November was characterized by a high-pressure ridge extend-
ing from the Pacific Northwest southeastward to Texas. The high-pressure
ridge began to break down on the 13th of November with the rapid approach
of a low-pressure system moving into the central U. S. from western
Canada. The cold front associated with this system tended to remain
east nf the Rocky Mountains as it pushed south and east during the day.
By the morning of the l4th, the low-pressure cell had moved into the
northeast and the cold front extended southwestward through the eastern
U. S., into Texas and northeast Mexico, then abruptly northward alomng
the eastern slopes of the Roekies. The cold front had actually passed
El Pago during the night from the "baeck-door," or moving from east to
weat. The passage was not accompanied by significant weather at WSMR,
but broken middle and high clouds were reported. The high-pressure sys-
tem behind the cold front had moved over WSMR by the morning of the 1S5th
of November and calm viads wiye reported at many surface statioms in the

area.
The tempervature profiles from rav.nsonde oksevvations made at

El Pago during the period ave shown in Figure 6-1. Inspectien of Figure
6-1 shows that the cold front had not reached El Paso by 1700 L on the
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13th of November. By 0500 L on the l4th, the cold front had passed El
Paso and the temperature inversion at about 800 millibars associated
with the froutal surface persisted in the rawiansonde observations made
at 1700 L on the l4th and 0500 L ou the 15th of November. Surface
observations made at El Paso indicate that relatively shallow surface-
based inversions formed during the nighttime and weve eliminated oy
surface heating during the early morning hours. The mesoscaie wind-
field solution for 0700 L on the l4th of November is shown in Figure 6-2.
Southeasterly winds domlnate the flow pattern la the southern portions
of the Tularosa Valley and the Valley Jornada Dei Muerto west of the
Organ Mountains. The Saan Andres, Organ and Sacremenzo Mountaias
extend above the depth of the surface mixing layer and form an
effective barrier to the southeasterly flow, diverting the wind flow
in the surface layer northward in the northern portion of the Tularosa
Valley.

Section 6.1 below {1llustraces the use of the Battlefield Source
Characteristics Routine (SORDAT) to define a battlefield scenario.
Example calculations ot obscuration information for this battlefleld

seenario are described in Section 6.2.

0.1 EXAMPLE BATTLEFIELD SCENARIO

The Battlefield Souree Characteristics Routine (SORDAT) de-
seribed in Section 4.2 is used to pgenerate the bactlefield scenario in
the form of a battlefield source location and characteristies data
base file. For i{llustration purposes, we have used the smoke and dust
souvees shown in Table 6~1 for our caleculations. As indicated in
Table 6~1, we have used 4 smoke munitions, J dust clouds from exploding
munitions, burning brush/vegetation, a burning building and 6 muzzle
blasts from a 15%-mm grtillery pilece. The last souree in the table,
labeled with a =ouree identificstion nusbey of 204, is used with the

other sources in 4 second proklem descvibed in Seetion 6.2. TtThe loca-
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SOURCES USED IN THE EXAMPLE CALCULATIONS

TABLE 6-1

|

. *
Source coordinates

Source Source Source Time of
Identification Catenor Descrivtion Release X, ¥, 2
Number [ -Ategory L (hr,min,s) (m)

101 Mi:(i):iox‘ 155 tam HC 9:37:10 380000, 3636000, 0
102 Mi‘:‘;tfon 105 mm HC 9:37:15 | 374000, 3639000,0
Smoke 155 mm XMB825 . . i .

103 Munition WP wedge 8:40:00 ! 376000,3613000,0

i .
Smoke 155 mm M110£2 L an. } .
104 Munit Lon bulk WP 8:30:00 : 412000,3582000,0
1
Explosive 155 mn 0. f .
201 Mund tion artillery 9:39:00 ! 376000,3639000,0
Explosive 155 mm A 3
202 Munition artillery 9:34:18 ! 377000, 3643000,0
|
Lxplosive 8 in Lot ' N q
203 Munition artillery 9:21:46 | 3723000,3621000,0
101 Burning grush User‘Entered 8:53:00 ‘ 374000, 3621000,0
Vegetation | Burning Brush
Burning Burning Laq.
401 Building Building 9:38:00 378000,3643000,3
501 Muzzle 155 mm 9:14:45 | 386000,3632490,2
Rlast artillevry PUETETT
. Huzzle 155 mm a7,
502 Blast artillery 9:37:19 386000,3632395,2
Muzzle 155 g Ly, a
503 Blast artillery 9:37:17 386000,3632390,2
Muzzle 155 wm : .
504 Blast artillevy §:37:15 386000,3632385,2
Muzzle 155 mm .29,
505 Blast artillery 9:37:13 386000,3632380,2
Myzzle 185 mm 0
306 Blast artillery 9:37:11 386000,3632375,2
Explosive 155 mm
4 . 1Q. P
20 Munition artillery 5:39:19 380300, 3636300,0

coordinates of the centroid
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tion of these sources with respect to the line-of-sight between the

observer, target and background is shown by the "X" marks in Figure 6-3.

Figure 6-4 shows the card input data to SORDAT., The user
instructions for completing this card input are given in Section A.3 of
Volume II, The firat data card directs the AMSORB executive routine
XECAMS to call SORDAT. Because the executive variable TYPE3 (column 9
of the first data card) is greater than zero, SORDAT expects FORTRAN
NAMELIST irput data usiug name QLST4, The QLST4 input data ave shown in
the second data card. The remaining input data cards, except the last
card, describe the source types, locations, release times and other
required information. For example, input data cards 3 through 5 im
Figure 6-4 describe source number 101 in Table 6-1, the 155 mm HC smoke
munition. The number 101 is arbitrarily assigned as the source identi-
fication number. Following the instructions for smoke munitions in
Section A.3.1 of Volume IT, the number in column 7 identifies this cavd
as the first card for this musition. The number 1 in column 11 sig-
nifies HC smoke. The value of 0 in column 14 signifies a 155 mm HC
munition. Columns 16 through 20 contuin the number 93710 indicating the
munitions bursts at 0937 hours and 10 seconds in local time. Finally,
the UTM x and y location of the burst and the burst height are given in
the requived columns of card number 1. The second card for the 155 ma
HC smoke projectile shows the number 2 in column 7, indicating this is
the second data card for this source. The rest of the columns on this
card are blank because we will use the program default data for the 133 mum
HC munition. The third card for this source is also blank except for the
3 in colum 7 indicating the third data card for this source and the wvalue
45 appearing {n columns 39 and 40. 7The value 45 indicates the smoke
projectile approached the burst location with an angle of 45 degrees frum
grid north (towards the northeast). The remaining data cards are com~
pleted {in a similar manner following the usexr instvuetions given in
Section A.3 of Velume 1I. The last input data cavd iadicates an end of

data to the computer progran. The SORDAT routine aluo vequives the mass
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storage data base file SMKDAT described im section A.8 of Voluwe II.
The data input example in Section A.7 of Yolume IT ensures that SMKDAT

is assigned in the runstream.

The optional print output produced by SORDAT is shown in
Figures 6-5 and 6-6, These output tables contain all the source input
information required by the dispersion and plume rise models. For
example, the exact position of the 4 canisters comprising the 155 mm
HC smoke munition labeled with source idéntification number 101, the mass
of each submunition, the burn coefficients, sourcz dimensions (sigmas)
and heat content of each submunition are shown in Figure 6-5, Figure 6-6
contains additional information for the same submunitions. Two output
tables are presented because not all information could be included in
a single output table. Some information is repeated in the output tables
for user convenience. Also, for user convenience, the output tables are
partitioned into different categories of battlefield sources, i.e.,
-moke munition sources, burring brush/vegetation sources, burning

puilding sources, etc.

The appropriate dispersion model and plume-rise model input
data ave also written to the bartlefield source location and chavacter-
istics data base file BECSOR (described in Section A.8 of Volume [1) for

subsequent use in the transport and dispersion model ealculations.

6.2 BATTLEFIELD LNVIRONMENT ROUTINE (BPC) CALCULATIONS

Two solutions of BEC are described. The first solurion is for
all the sources shown in Table 6-1 except the source identified as 204

and the seceond solution includes 204. Figure 6-7 shows the card input

data to BEC. The first data card direaces the AMSORB executive routine
XECAMS to eall BEC in the Applicatlons Phase of AMSORBE and the rematuing

cards are read by BEC., As discussed in Section A.4 of Volume 1T, BEC
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uses the FORTRAN NAMELIST method of card input associated with NAMELIST
name QLST2. The third card in the sequence specifies the time the user
desires to obtain the solution, either in terms of line-of-sight inte-
grated concentration or obscuration information. Figure 6~7 shows that
a solution is desired for 0940 lccal time. The fourth card in the
sequence defines the coordinates of the observer (Xo, Yo. Zo) and

target (Xt. Y Zr) and the distance DISBAK between the target and

'
background al;ng the line of «izht, The values in card 4 of the se-
quence correspond to the locations of the observer, target and background
shown in Figure 6-3. Besides card input data, BEC requires mass storage
data base files as input. 1In this case, the mesoscale wind-field solu-
tion shown in Figure 6-3 (from file MXLYRF), along with file BECSOR,
SMKDAT and WSTRRN were used in the calculations. These files are dis-
cussed in Section A.8 of Yolume II and the example runstream for assign-

ing these files is given in Section A.7 of Volume II.

Figure 6-8 shows the print output produced by BEC for the
first data case (source 204 omitted). The data base identi ters are
output first to show the user the time and date of the computer run, the
solution time, the time and date of the mesoscale wind-field solution,
and the date and time the battlefield source location and characteris-
tics data base file was gener .ced using SORDAT. The user generated
input for the observer, tavget, and backgvound locations are listed

next, followed by the caleulation resules.

As shown 1n Figuyre 6-8, BEC has calculated a line-of-sight
integrated concentration (combined dust and smoke) of 1.41 x 103 willi-
grams pev square meter and a tvansmietance in the visible (.4 - .7 um)
of 0.108., Por our example problem, 29 of the total of 34 individual
sources vere considered in the concentration and obseuration caleulations.
That is, 6 sources were exeluded from the ecaleculacion either because they
werpe not released at a time that allowed them to be in the vieinity of

the line-of-sight at the caleulation time or because the sources are
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located in regions where winds will not carry the material through the
line-of-sight (for example, sources 202 and 401 in Figure 6~3). Figure
6-8 shows that the calculated target brightness is 620 candles per

square meter (cd m-z), the background brightness is 345 cd m-z, and the
observer to target and observer to background brightness of the obscur-
ant cloud are 948 cd m-z. The calculated target-background contrast is
0.21 for our example calculation, which yields a probability of detection
equal to or greater than 95 percent. The output also indicates that all
visibility model computations were performed and that there were 11

cloud elements along the line-of-sight used in the obscuration calcula-

tions. In addition to the printed output, BEC outputs results of the
calculations and model inputs to the mass storage data base file BECSOL,
discussed i1 more detail in Section A.8 of Volume II. For this data case,

the BEC calculations required 290 seconds of UNIVAC time.

Figure 6-S ghows the vesults of calculations made for all the
sources described in Table 6-1, including the source identified by the
number 204. In this case the line-of-sight integrated concentration is
4.7 x 105 milligram per square meter. Since the sum of the products of
the line-of-sight integrated concentration of each pollutant and its'

respective coefficient of attenuation in the visible (.4 - .7 um) is

greater than 11 (see Section 2.4.2) for the user specified calculation
time with the addition of the source identified as 204, AMSORB does not
make the time consuming brightness caleulations. Instead the trans-
mittance is automatically set to zero and the probability of detection
{, ?; is less than 5 percent. For this data case, the computation time 1is a
lictle greater than 2 seconds, or more than a factor of 10 less than the
calculation time required when the brightness caleculations had to be

made when the source identified by 204 was omitted from the scemario.
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